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This manual for the first year of the high school is based on the conviction tj, 
at this stage the work in science should emphasize the physical aspects and anima] 
plant life, with personal and community welfare the crucial point of attack. 






The topics presented have chiefly to do with the school life and home life of 
pupil. They are essentially projects to be solved. Being topics with which the pupil; 
already more or less familiar, they have real significance and meaning to him. In dea) 
ing with home and school environment the laws and principles of the physical scieno 
are of primary importance, moreover, physical laws and principles are fundamenta) 
all science, therefore, they form the major portion of this course. Microorganisms, 
however, play so large a part in the daily life of all people that the principal facts co 
cerning them are also presented. The main study of animal and plant life has be 
left to be developed as a course in general biology, or as special courses in botany ani 
zoology - 

The approach to each new topic is made from a historical point of view, thus de. 
veloping a real interest in the subject. Topics not essentially important in the environ. 
ment of any class, or in the environment of the community, may easily be omitted witb- 
out seriously breaking the continuity of the course. 






























Many of the exercises are best conducted as class demonstrations while a sufficient 
number of them are well adapted to individual work. The apparatus is unusually in- 
expensive and is such as is to be found in any fairly well-equipped laboratory, or ofs 
commercial type easily procured. 














One of the strong points of the book is its scientific accuracy. Each of the 
authors has made definite and material contribution, so that the volume represents the 
carefully arranged work of specialists in physics, chemistry, meteorology, and biology 
This fact will do much to place an elementary course in general science on the high 
plane which it deserves. 
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WHAT WE KNOW ABOUT COMETS 


By Dr W. W. CAMPBELI 


OF rut LICK OBSERVATORY, UNIVERS 


: age startlingly sudden appearance of some great comets, th 

growth of others to enormous sizes and their equally rapid 
appearance have naturally excited the interest and, only too often, 
fears of the human race. We are removed less than two centuri 
the long-prevailing theological view that comets are flaming fi 
hurled at the earth by an angry God, to frighten and punish 
world. Up to the time of my childhood the opinion was wid 
among civilized peoples that comets are the forerunners of 
pestilence and war. Did not the great comet of 1811 herald 
of 1812; the comet of 1843 the war of 1846: and Donati’s « 
1858 our Civil War? Even in the twentieth c 
comet may collide with the earth and destroy 
the surface, here and there, every time a comet Is 
eye. This fear is not lessened by the highly sensational 
of such encounters by professional writers who hav 
edge which has been called a dangerous thing. 

The earth has undoubtedly encountered comets’ tails scor 

scores of times since the advent of man, and with no baneful 
} 


nemica 


and in the light of present-day knowledge of the structure and « 
composition of comets there is no danger whatever that our atmos 
phere will be poisoned by such an encounter. It is true that a collisio1 
between the earth and the head of a comet could happen, but w 
no reason to question the accuracy of the estimates made by mathemat 
ical astronomers that such encounters will not occur more than onc 
fifteen or twenty million years, on the average! It is by no means 
certain that such an encounter, should one ever occur, would be a 
serious matter for the earth. Its effects might be confined to a bril- 
liant shower of meteors, such as the peoples of the earth have observed 
many times. Geologists are of the opinion that the out ropping strata 
1 Retiring address of the first president of the Pacific Division of the Amer 
iean Association for the Advancement of Science. San Diego, August 9, 1916 
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-earth which they have been able to study have 


Neglecting the insignificant cavities produced by isol: 





Mars and its two moons, the more than 800 minor planets which 





































required a 
of approximately 100 million years for their formation. These str 
embracing the entire land area of the earth, have given only on 
evidence that the earth’s surface has been affected by a collis 
an outside body. In central Arizona is a cup-shaped hol 
ground, about three quarters of a mile in diameter and sever 
feet deep which has been formed, with little doubt, by the descent 
vreat meteorite, or OL a great ¢ luster of small meteorites: thousa : 
; small iron meteorites have been found in at aroul the 
ire no ¢ ‘ es ol olcanic act if the ely Mo! ( , 
lowe d geograph su s of the earth have re il oO othe , 
of collisional effects? in the records of a lred mulli ars \| 
himself has lived on the earth certainly many tens of t sands 
vears, and there are no traditions extant concerning injuries 
or to man from comets. Why then should ar 0 worr j 
sible injury from a comet in his short span of three score years 
The answer to our first question, where do comets come 
volves the question of their relationship to the solar systen 
vreat stellar system. It is essential that ever a tor shou 
stand certain prominent features of the solar and stellar systems | 
at the risk of repeating what many members of the at ( 
know, I shall devote a few lines to a description of these svstems | 
Widely scattered throughout a great, but finite olume . 
occupied by our stellar system are tens of millions of stars It is es | 
mated that our largest refracting telescopes could show us about s 
million stars, and that the re flecting telescopes could photo il 
sibly two or three times as many. Our own sun is just one of t 
scores of millions. of stars. It seems ve ry large, vel bright 
hot because we on the earth are relatively close to it. It is r 
star. Revolving around it are many planets, of which our « 
one. Probably the other stars in many cases, possibly in a ‘ 
have planets revolving around them in the same way. We do not 
that this is a fact because the nearest star, excepting our own st 
so far away that we should require telescopes at least twenty) 
in diameter to see planets revolving about it, even though su a & 
be as large as Jupiter and Saturn, the largest planets revolving at 
the sun. 
Now the sun and its planets and their moons are the chief me 
of an orderly system which we call the solar system. Ninety-nin 
six sevenths per cent. of all the materials in the solar system is it 
sun, and only one seventh ot one per cent. 1s divided up to torm t 
) planets and the'r moons: Mercury, Venus, the Earth and its one mor 
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bola are not closed curves, and the branch upon which the comet 


“omet recedes 


















the sun never come together, no matter how far out from the sun tl 
be drawn. 
here have been two hypotheses as to where the comets come irom 
Sir Isaac Newton thought of them as moving i1 elongated ellipses. It 
Hype le 
/ 
; 
/ —. . 
{ - Ellipse 
i, \ 
} 
Barth j 
: 7 . “% i _ f 
. i ~ Jupiter | 
va 
Fig. 1. CHARACTERISTIC FORMS OF ORBITS 
was the view of Immanuel Kant 160 years ago that comets are bona fide 
members of the solar system, just as the earth and Neptune are: that 
their orbits are all ellipses, but very elongated ellipses. He said that 
the comets travel out a great distance from the sun, but that they must t 
eventually return because they are moving in ellipses. Kant’s view of 
the subject was essentially a mere opinion, though the opinion of one 
of the greatest philosophers of all time, who gave careful consideration : 
to every known fact. Up to Kant’s day, and for many decades later, 
comet observations were crude in comparison with present-day stand 
ards. Most comets were observed for only a few weeks, and the tru 
‘ , 


characters of their orbits could not be affirmed. 


Half a century later the great Laplace championed the view tha 
the comets belong to the stellar system and not to the solar system; 


that comets are travellers through interstellar space ; 


ings of a chance few comets bring them within the sphere of influence 


of our sun; and that we see those which come into favorable position 


near the earth. 


to return again and again to the region of the sun, and it was thought 


to be a captured wanderer. In Laplace’s time also 


still inaccurately observed, over short periods of time, and in nearly 


Halley’s celebrated comet was the only one then known 


1 
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that the wander 


the comets were 
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every case a parabola seemed to represent their moti sat 
This Laplacean view that comets are wanderers thi 
stellar system and are only chance visitors to the solar system was 
prevailing one throughout the nineteenth centur E 

contrary began to appear as early as 1860, but so fin root 
hypothesis that only in the twentieth century hav: tronol 


eral been convinced that the comets are met 


Several lines of evidence, all in good agreen 
this conclusion. 
1. Since the solar system is tra st 
the direction of the constellations Lyra ; Hi 
of twelve and a half miles per second, 11 ¢ ts 
stellar space we should meet more comet 
Ilercules direction than there are comets 
site part of the sky, for precisely the same reason that 
ing very rapidly by automobile from Sar to Los A 
should meet more autos than would overtake us a iss U \ 


comets do not show that preference. As ea . SHO ¢ 
lied the directions of approach ets, 
hich up to that time were considers to ‘ ira 

orbits. He found that only sixty-one® of thes mets met ft ir 
system, so to speak, whereas seventy-two* comets o 
strong evidence that the comets are trav 
of our planets are traveling with the s 
Many later astronomers, especially Ia ry, us the more I il 
more accurate data now available, have coi me this conclusk I t 
there is no tendency for comets to meet us, as we rus 
stellar space, rather than to overtake us. tis a fact, that 
the observed comets have not had their directions of ay 
uted uniformly over the surface of the sphe: Their deviat m 
reasonable uniformity appear to be due in small measur 
ence of comets to travel in planes making sma ! es with the « nt 
with motion around the sun from west to east as in the ise of t 
planets; but the chief discrepancies arise from th ter 
cumstances under which comets are discove) 

Nearly all discoveries of comets made means of telesc prior 
to forty years ago were made in the northern hemisphere, at 
tories situated in latitudes north of 10°. The southern hemisphere 


is still very much in arrears in the 1 


/ 


the dis repancy is not now so creat as it once was. 
There is more sear hing for comets n the northneri nemispnere 


during the northern summer and in the southern hemisphere during 


the southern summer than in their respective winters. There is also 





8’ The disparity in the numbers is thought t pure enta 
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a better chance for northern observers to discover comets when the s 





































is farthest north in June and for southern observers when the su 
farthest south in December. These facts lead to the discover 
comets, prevailingly, which come to perihelion in certain favore 


f1lons of the skv where the « arth is at those time 


gions: that is,in the re 
It is advantageous at this point to call attention to other sources 


lack of homogeneity in comet data. 





Prior to the invention of the telescope, three centuries ago, a 
400 comets had been made matters of historical record. These 
hakecd-eye Objects which forced themselves upon the attent 
servers. They were the especially large comets which came Os 
the earth or to the sun. They were imperfect observed. at 
only a small proportion of them do we know even their appr 


Orbits. 


Since the invention of the telescope, about 450 comets ha 
discovered, and the half of these have been found in the last J 
years. What we ma all the golden age of comet disco 
the two decades, 1888 to 1908, when 100 comets, an average o 
year, were discovered. Four American observers, Swift, Brooks, B 
nard and Perrine, announced the arrival of thirty-seven of these 10 
comets. 
All of the earl comets were visible to the haked eve, ()) a sl 
fraction of recent comets, perhaps one in Tour, become right ¢ 
for the unassisted eye to see the head, and perhaps one eight 
for the unassisted eye to see the tail. Comet orbits have become 
creasingly accurate, partly because of greater telescopes, whic! 
these bodies to be more accurately observed and observed throug 
ares of their orbits. d 
2. Another decisive argument for the theory that comets 
hon in the solar svstem is this: Schiaparelli showe« n the eal i0 
that, owing to the sun’s motion through the stellar system. if the comet 7 
come from distant interstellar space, a very larg roportion OL the 
should move around our sun in hyperbolic orbits, and many of t 
orbits should be strongly hyperbolic. Schiaparelli’s conclusions 
. 


been confirmed and extended by several mathematical astronomers, 
tably by Louis Fabry. Fabry concluded: If the sun travels throu 
the stellar system and the comets come to the sun from interstella 
space, then the comets should all move in hyperbolas—differing fro1 
the parabola the more as the velocity of the sun through space is th 
greater. 

What are the facts of observation? Of 347 comet orbits fairly well 


determined 


(a) 60 are certainly elliptic: 





(b) 275 are approximately parabolic ; 
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(c) 12 or fewer are slightly hyp 
(d) None are strongly hyperboli 
Now it has been shown bv Thraen, Fay: 
decades that several of the twelve orbits 1 
not really so, but that they owed their reput : 
i observations, or to errors in the computations, a 1 t all tne gel 
tine hyperbolas save one acquired their 
concerned came under the disturbing Lue ’ inet | 
irs ago Stromegren Was able to show 
, orbit was caused, in the same wa . 
the planets he original : 
<o-Calle hyperbolic comets ee } 
th show that a ‘ vreat 1 t 
Serve to be sens ara 
~ } ars ale T i | i 
> e 7 it ~ 7 gee T~ 
ts yproacl ost to the | 
t that rr out in. the oma 
Tle « Its ut that 
iets on them ecome a 
; shorter ell ses. others are ’ 4 . 
hi stincuish then : 
inged to the hvperboli - 
‘ t ( nto The erbolr orl ‘ 
t through the stellar svsten 
: } A statistical study « omet o1 
- igo bears upon this question. He fi t ( 
er Cel of all comets were s to 
Ol a rour pel cent. OL comets bet Sif Soe 
. 
move ! rbits approximat arabho t] 
inder observation less than 100 days { 
‘ to be parabolas, whereas of those obs ! 
on teen months, only thirteen per cent . 
olic. These facts point to the « . 
serve inaccurately, as of ol , 
rbhits, parabolic orbits satisfy the obse 
errors unavoidably attac hin rt fT ~( ~ t ~ 
comets are observed accurate! al ‘ : I 
P| all are found to be moving in ellipses. Most 
t extremely long ones. 
’ If comets starting substantial at st 


tance away from our sun, say on 
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star, which we think is « 
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tion, they would move in ellipses so elongated that we could not hi 
to distinguish them from parabolas. Their periods of revolution wou 
e nearly one hundred and fifty thousand years. Yet they would 
members of our solar system, subject to the sun’s attraction, and un! 
disturbed by some other body or bodies, they would return again a: 
again to the center of the system. 

The work of Carrington, Schiaparelli, Fabry, Fayet, Strémgr 
and Leuschner and of many others has left no room for doubt tl 
comets are bona fide members of our solar system. The materials co 
posing the oreal majority of comets spend most of their time in re c 
far removed from the sun and its planets, as our little distances 
planetary system go, but close to the sun in terms of the magi 
distances which separate our sun from the other suns. ‘They are n 
ng in closed orbits around our sun and traveling through space a 
with our sun.* 

Besides the comets which go out on extremely elongated orbits 


creat distances from the sun, there are about fifty elliptic comets 








4 


Fic. 2. JUPITER'S FAMILY OF COMETS (up to 1893) 


4Those who would like to look more thoroughly into this question are 
strongly advised to read Schiaparelli’s paper on ‘‘Orbites cométaires, Courants 
cosmiques, Météorites,’’ in Bulletin Astronomique, vol. 27, pp. 194-205 and 241 
254, 1910. It embodies some points of view slightly different from those pre 
sented by me. The technical contributions by Fabry, Fayet and Strémgren are 
extensive and of a high order of merit; and students of comets cannot afford to 
neglect them.—W. W. C. 
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are closely related in one sense to some 
































dozen are in the so-called Jupiter-family of comets. The ts ’ 
those discovered up to 1893 are represente n Fig. 2 It 
the outer parts of all of them—the aphelia—ar { 
Jupiter's orbit. Similarly, there are a few comets relat { ‘ 
orbit. a few to the orbit of Uranus, and six comets to the « t of N 
’ tune. one of the latter being Halley’s comet. The Jt 
have periods lying between three and nin ears, and 1 N 
comets complete their circuits in from sixty to eighty-on 
’ What has been the history of these short-period comet Wf. fA 
Newton and othe r investigators have show that it wou 
r great numbers ot comets, such as have een oOobpse! 
through the solar svstem, without a cert oport 
orbits changed into short-period ellipt rbits tis the 
that the short-period comets have been capt . so 
ymbined attractions of the sun and one of th anets 
The chances of capture by the planets are greatest whi 
ng bodies are moving in orbits which lie 1 anes most 
ent wit] ie plane of the planeta syste ( 
around the sun are from west to east. \ I *s analvsis 
lem led to the conclusion that five or s times as 1 
comets should move in the direct sense, west to east, as 
sense, east To west. Now the only comets wit eriods ti I UU 
vears which are revolving around the su the retrovrad 
Halley’s comet, period seventy-six vears, and comet 186 
thirty-three years. The three dozen members of the J 
revolve from west to east without except at t 
J short-period orbits is so universally from west to east t 
probable explanation in the view that the cometary mate! 
were farthest from the sun, long before they approached thi of 
: the planets and the sun, already had a slow motion fron 
the motion of the parent mass of matter from which the s system 
itself was developed. The French astronomer, Faye, o1 
J tion that comets have originated in the outer parts of a rotat ss 


which has developed into the solar system, came to the « t] 
comets should move prevailingly in the direct sense whet 

planes do not differ greatly from the orbit planes of the pla ts, but 
that those whose orbit planes make oreat al es with the 

: solar system should show no preference for the direct over the retro 


erade motions. These theoretical results ar n good acco! f thre 





observed facts. 
Our second question is, what are comets? 


Comets have certain characteristic features 





1. There is always a head, or coma as it is sometimes 
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HALLEY’s Comet, May 1, 1910; head and beginning 


ing mass of hazy, nebulous matter. The head is sometimes circular 


outline, more frequently elliptical or nearly so, but again it 


Is OVa 


the edge facing the sun and it merges insensibly into the tail o1 


side opposite the sun (Figs. 3, 4 and 5). The sizes of comet hi 
vary enormously. One less than 10,000 miles in diameter would 
most unusual and generally would escape discovery. The head of 
creat comet of 1811 was at ore time more than a million miles 


diameter. The head of the creat comet of 1882, which many of 
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It is a curious fact that the heads ol 

as they approach the sun an 

Encke’s periodic comet, which has Ix 

rently had a diameter of 200,000 n 
: 


at a great distance Trom the sun. 


educed to 10,000 or 15.000 miles \ 
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el ire most sharp ‘ ‘ 
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{ 
bd comets Composing Jupiter's comet 
i double. a triple. or a quadruple 
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Masses, The size of the nucleus a} 


Salis mites 


miles up To seve ral thou 


3. Most comets ha ‘ ta ls. T 
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cgimensions, When a comet Is observed at a reat distance tron 





} 


sun, only the head and nucleus are usually visible. The ta 

















with close approach to the sun. The tail of the comet of 1882 y 


1 1 | { 


one time more than 100 million miles in leneth: that of 1843 was 


one time 200 million miles. As comets recede from the sun. the ta 


diminish in extent and usually disappear long before the hea 








nucleus are lost to sight. Several of the Jupiter comets do no . 
Fi > HloLMES'’S COMET oF 1892 n ta vas vis ‘ n g 
exposure photographs (Barnard > hours ISfe Nov 1¢ re rded n ex 
faint tail extending down to lower right corner of the picture rhe great s 
nebula in Andromeda was recorded on the photog ph ipper left corner 
an 
visible tails (Fig. 5). They appear not to possess in abundance the 
materials which go to form comets’ tails. 
. 


t. When comets approach relatively close to the sun the heads fr 
quently throw off a series of concentric shells or envelopes. The mat 
rials composing these envelopes appear to be expelled from the head 
and toward the sun at high speed, but these speeds of approach to the 
sun seem to be gradually overcome and the materials turned away from 
the sun to assist in forming the tails (Fig. 4). 


The tails of comets, it is well known, point away from the sun. 


However, the popular view that they point exactly away from the sun 





is seriously in error. In general they lag behind the line passing 





through the sun and the comet’s head (Fig. 6). There can be no 





doubt that they point away from the sun because of some repulsive 






force, originating in the sun, which acts upon the minute dust par 





ticles or gas molecules released from the comet’s head. It takes time 








for these particles to travel out millions of miles from the head, and, 
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while they are moving out, thé 


The nucleus obeys the gravitation: 


so far as observation has gone, and 


is subject to an appreciable repulsive | 


The particles composing the oute1 


the head and the particles compo 


the tail are doubtless attracted 
eravitation of the sun and are at tl 
time driven away by the repulsion 
sun. What the particles will do 
the action of the two opposing for 
ids upon the ratio of these for: 
he re pulsive foree is vastly stro. 
the attracting force the part 


} } 


travel out from the head with ere: 


Increasing speed a 
nearly away from the sun; that is, 
lag behind very little. If the attr 


and repelling forces acting upon a 


group of particles are not very w 
those particles will form a secon 
having considerable lag. If the repu 


force is very weak with referenc 


sun’s attractive force upon a third 


of particles, they will form a sh 


id form a tail po 


that lags very far behind. The form 
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positions of comet tails were studied extensivel 
that there were lasses of tails, correspo 
nite ratios ol } ive to attract 
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times 
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Comet RORDAME ON JULY 12 


nucleus of the 


AND JuLY 13, 1893 The camera followed tb 
comet and the stars “ trailed 
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WHAT 


In some comets only one 


ind again in one and the same come 
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at the same time. 
That there is outward motion of 1 
dgdoubt. It Is not uncommon for the ta . 
lriven off into space, scattered: al lost to s 
: 
7 
: 
j 
4 
7 
\ i 
T 
e 
bt 
Fi ’ Comer I KS oO Z o . 
‘ new tail To take its place 1, the folle ; , \ 
constantly forming and moving out. ‘1 Oe ep rR 
(Fig. 8) photographed by Hussey on tv F | 


13. 1895. have no points of res mblance. T 





tail on one night are fairly straight, r 
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tail of the following night is very much broken, there are several fairl 
well-defined nuclei, and it is brighter than the tail of the twelfth. Tw 


photographs of this comet were fortunately made on the second night, 


with a time interval of three quarters of an hour. A comparison 

the positions of the three nuclei on the two plates showed that they ha 
moved outward from the head with great speed during the nterval. 
The nucleus nearest the head had traveled out with a speed of fort 

four miles per second, the next nucleus with a speed of fifty-two miles 
a second, and the one still farther out with a speed of fifty-nine miles 
per sec ond. Here are two photographs of comet Brooks (Fig. 9) mad 
on October 21 and October 22, 1893, by Barnard. The structure of 
the tail on the first photograph is not at all the structure on the second. 
The tail of the first night has been scattered to invisibility and an abso 
lutely new tail has replaced it. The outward motion of well-defin 

tail structure has been measured for many comets. Here is a series 
of measures made by Curtis upon points in the tails of Halley’s comet. 


AVERAGE VELOCITIES OF RECESSION, FROM THE HEAD, OF MATTER IN THE T 
HALLEY ’S COMET 


Date, 1910 Mean Distance from Head Average Vé 
eee re nee 800 miles 0.6 miles per s 
May 27-28 aatten pee 400,000 miles 8 miles per s 
May 95—26 . fee oi "Teo 930,000 miles 12 miles per = 
June 2-3 . eee ....+. 1,360,000 miles 20 miles per se 
May 28-29 satis : : : ... 1,730,000 miles 23 miles per sé 
June 6. caine : +... 2,200,000 miles 27 miles per s¢ 
May 26-27 esol reer. . 2,500,000 miles 24 miles per se 
May 30-31 ra ye } 6,600,000 miles 15 miles per se 
ote FS cicce pie wk Be 8,400,000 miles 57 miles per s¢ 


The points to be measured were not well defined, and the measures 
could not be accurate, but it is clear that high speeds and accelerated 
speeds prevailed. The tail materials start out slowly from the head, 
and increase their speeds with the distance from the head, as we should 
expect of motion resulting from the action of a continuous force which 
meets with no sensible resistance. 

In Fig. 10 are reproductions of photographs of Halley’s Comet made 
by Curtis on June 6 and June 7, 1910. A semi-detached part of th 
tail, seen on the photograph of June 6 about an inch above the head, 
is visible about two and a half inches above the head on the photograph 
of June 7. This structure was first observed by Curtis shortly after it 
had emerged from the central part of the head on June 4, and it was 
recorded on the photographs secured by a great many observatories 1! 
the following four days, as the rotation of the earth carried the comet 
successively into position for observation at the observatories. The 
times when the lower point of the structure had certain positions is 
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Fic. 10. Hatuey’s Comet, Jun 


indicated in Fig. 11. The tail did not seen 
of the radius vector—the line passing throu 
nucleus—because the observers on those days 
of the comet’s orbit and the lag of the tail 
The velocity with which the structure moved o 


accelerated with the passing of time, as ma 
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The constant loss of materials dispelled along the tail would seem 


require that comets in general grow fainter with time. This is the lo 
ical conclusion, and the observational evidence for it is undoubted 
many of those comets which return again and again to the region « 
the sun. Nearly all of the Jupiter comets have a hazy, washed-o 
appearance. Several of them do not develop tails, as if their supply 
tail materials had already been exhausted by expulsion as former ta 


Others of them develop only very sh 
tails, and several short-period comets ha 
entirely disappeared. To this phase 
the subject we shall return. 

As to the nature of the repulsive force: 
responsible for comets’ tails: It was lor 
thought to be electrical, arising from 
strong electrical field about the sun a1 
from electric charges of the same sign « 
the particles composing the tail. The id 


is in part purely speculative, but the giv- 


ing of serious consideration to it is just 
fied because of the fact that much of th 
light of comets seems to arise from ele 
trical conditions in them. The idea ma 
be wrong in toto, or an electric repuls 
force may be one of two or more forces 
which are acting. It can hardly be tl 
only force involved. 

Clerk-Maxwell half a century ago, fron 
pure theory, and Lebedew and Nichols a1 
Hull some fifteen years ago, from exper 


mental evidence admitting of no doubt, 


showed that when light energy falls upor 


a surface it presses against that surface ; 


very feebly it is true, but it will cause th: 
body pressed upon to move if that body 

not too massive. In this respect light- 
pressure repulsion and electric repulsior 
should act much alike. These repulsior 

are effective in proportion to the surfac 
areas of the bodies acted upon, whereas 
gravitation pulls those bodies with a fore 
proportional to their masses. Now the sur 
face of a body is proportional to the squar: 


of its dimensions, whereas gravity acts in proportion to the cube of 
dimensions. The smaller a body is the more surface it has in proportion t 
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its mass. Electric and radiation-pressure repulsions will 
more efficiently upon very small particles than upon large ones. A cube 
water one centimeter on each edge would be drawn by the sun’s gravita 
tional action 10,000 times as strongly as the pressure of the sun’s rays fall 
ing upon that body would repelit. Buta cube of water only 1/1000 of a 
mm. on each edge would be in equilibrium under the sun’s gravitational 
attraction and the sun’s light-pressure repulsio1 A cube of water le:s 
than 1/1000 mm. would actually be driven rapidly away from the sun. 
The equilibrium diameter for little spheres of water, accor 
Nichols and Hull,is.0015 mm. Now as light energy is traveling alo 
with a speed of 186,000 miles a second, we should expect particles of 
matter considerably smaller than the equilibrium size to travel away 
from the sun with great and rapidly increasing speeds. These spe 
would be the greater for particles smaller and smaller until a certain 
limit of size with reference to wave-length of light is reached, after 
which the light would be diffracted without transmitting so large a 
proportion of its repulsive energy to the particles. These limits of 
efficiency were determined by the lamented Schwarzschild. The re- 
sistance of cometary particles is evidently also a function of the specifi 
gravity of the particles. The figures which we have quoted are 
water, density 1. We can scarcely doubt that radiation pressure is an 
important force, perhaps the chief force, perhaps the only force respon 
sible for the driving out of the materials of comets’ tails. Particles of 
solid matter or:gas molecules of three different classes of size 

be responsible for the three main classes of comets’ tails. Mor 

ably materials of three different classes of density compose the three 
classes of tails. sredichin called these three classes the hydrogen, e 
hydrocarbon and the iron tails. The atomic weights of these three 


substances give to their atoms or molecules about the right mobilit 
under equal pressure upon all, to explain the lags of the three classes 
of tails. Unfortunately it is far from certain that hydrogen exists in 


comets, and iron has been reported for only one com 

The hoods or envelopes (Fig. 4) which form the outer strat: 
heads of comets which come close to the sun are v ry interesting It 
is the prevailing view that, when a comet approaches the sun, tl 
heat falling upon that surface of the comet which faces the sun get 
erates or liberates the gases and vapors which have been conta 
or between the more solid parts of the comet; and being liberated 
effect, under pressure, the materials at first travel toward the sun with 
considerable speed. The sun’s repulsive force acts upon these jets and, 
overcoming the forward motion of the materials, it eventually turns 
them back along the tail. Those phenomena have been observed many 
times. 
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There is a great variety of comet spectra, indicating as great 
variety of cometary contents or conditions. In some cases the sp 
trum seems almost wholly continuous, as in Holmes’s comet of 189: 
in others the light when passed through the spectroscope falls alm: 
wholly into isolated bright lines or bands, as in Morehouse’s comet 

1908. Other spectra are a combination of continuous and bright-! 

light (Fig. 12). The spectrum of the nucleus seems to be always c 
tinuous, or continuous except for absorption lines. In some of t 
brighter comets the nucleus spectrum as photographed contains 

well-known absorption lines visible in the sun’s spectrum. These « 
servations indicate that the nucleus is shining, at least mainly, 

reflected sunlight. In most comets the continuous spectrum is t 
faint to let us photograph it and thus to prove the presence or ab-e 
of the solar absorption lines. The continuous spectrum in mat 





Fig. 12 SrPecTRuM OF COMET DANIELS, 1907. 


} 


comets extends also to the head, or at least to the inner strata of the 


head. This may or may not mean reflected sunlight. It may mea 
some other form of luminescence which yields a continuous spectrun 
The greater parts of the heads of comets and those parts of the ta 
of comets which are close to the heads nearly always, and perhaps 


every case, give a characteristic spectrum of bright bands, which wer 


for several decades called the hydrocarbon bands. Observations of 


recent years have made it probable that this spectrum does not indicat 


- +} 


a combination of hydrogen and carbon, but that it is either one of 


low-pressure carbon vapor bands or that it results from one of the com- 


pounds of carbon and oxygen, preferably from carbon monoxide. Th 
lines and bands of cyanogen—a nitrogen compound—and of carbo! 
are present without any question in the heads and inner tails of mam 
comets. Several observers have reported that the so-called hydro 
carbon spectrum of the heads and inner tails extends far out into th 
tails. This may have been true for the cases reported, but recent o! 
servations are casting doubt upon the presence of that spectrum in th: 
outer extensions of comet tails. Improved methods of photographing 
comet spectra were applied to the bright comets, Daniels of 1907 and 
Morehouse of 1908, especially by Deslandres, Evershed and Chrétien, 
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WHAT WE KNOW ABOUT COMETS +4 
with the result that their tail spectra were proved to be very dillerent 
from the prevailing spectra of comets’ heads and inner tails. Fowler 


has succeeded in duplicating the tail spectra of these two co 


his laboratory, with remarkable agreement (Fig. 13), by photograph 

a cathode spectrum of carbon monoxide in a tube reduced to pressure 
not exceeding .01 mm. At higher pressures than this he obtained the 
so-called hydrocarbon spectrum, but it was not certain, and in fact it 
was improbable, that there was any hydrogen in the tube Th 

ence of carbon and nitrogen in comets is certain, the presence of oxygt 


is prol able, and the presence of hydrogen s doi 





Fic. 13. (a) Ordinary photograph of Comet Morehous« b) Spectr 
graph of Comet Morehouse made at same time as (¢ ) Fowler's 
carbon monoxide, whose principal bands match the principal spe 
comet's tail. 


The comets which have approached very close to the sun turned to 
a yellowish orange in color and remained so while in the vicinity ol 
the sun, because the yellow light of sodium then developed strong 
them, apparently by virtue of the intense heating of the com: 
ter by the sun’s rays. This happened with the Wells comet of 1882, 
the great comet of September and October, 1882, the brilliant comet 
in January, 1910, and others. When the September, 1882, comet was 
only a few hundred thousand miles from the sun, Copelai nd Lohs 
observed not only the sodium lines but half a dozen other bright lines 
which they concluded were well-known iron lines. 

What is the origin of the light which gives bright lines and bands: 
The sodium lines certainly, and the iron lines if actually observed, were 
no doubt due to incandescent vapors of those elements under the i 
tense heat of the sun. Strangely enough, when the sodium comets ap 





proached the sun, the carbon bands, which had previously been prom 
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nent, disappeared entirely and remained invisible until the comets ha 
receded to a considerable distance from the sun and the sodium lin 
were no longer in evidence. The carbon light could scarcely be ger 
erated by heat action, for if so the carbon bands should have been i: 
evidence during the time that the comet was passing nearest to tl 
sun. Much more probably the bright-line spectra of the head and ta 
are of electrical origin, or fluorescent. This phase of the subject 
technical, and to some extent speculative, and we can not profitably 
pursue it further on this occasion. 

A certain proportion of the light of many comets is slightly polar- 
ized. The interpretation of this phenomenon is that a fraction of the 
light of the heads and of the inner tails of comets is sunlight diffracted 
by minute dust particles or gas molecules in the comet structure. 

teturning to the subject of the disintegration and disappearance of 
comets : 

A small comet was discovered by Montaigne in 1772. A comet 
was discovered by Pons in 1805. A comet was discovered by Biela in 
1826. Biela computed the orbit of his comet and found it to be moving 
in an ellipse of period six and a half years, and he proved that the three 
comets discovered respectively by Montaigne, Pons and himself were 
identically the same comet. Biela’s comet was rediscovered in 1832, 
almost precisely in its expected place. The next return was missed 
because the body was not in good position for observing. It was redis- 
covered in 1845, when it was seen to consist of two comets moving side 
by side on orbits almost identical. In 1852 both comets were re- 
observed, but farther separated than they had been in 1845. The 
comet was searched for at the proper times for several later returns, but 
it was never seen again.® 

Kirkwood published in 1872 a list of eight comets which had divided 
in a similar manner and disappeared. 

A number of other comets have completely disappeared, though 
their orbits were very well determined. 

This brings us to another interesting phase of our subject: 

The Perseid meteors are with us at this time of the year. Many of 
them have been seen every year for several decades. They are usually 
most numerous on the nights of August 9, 10 and 11. Predictions 
concerning meteors are somewhat risky, but so faithfully have the 
Perseids come every August that I have no doubt an observer to-night, 
to-morrow night and the next night, from midnight on to daylight, 
would see dozens of meteors whose paths traced backwards would pass 
through a small area in the constellation of Perseus. In 1866 Schia- 
parelli computed the orbit of the Perseid meteors and noticed that it 

5 One of the components of the Biela comet may have been observed for a 
few hours from Madras in 1872. 
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was essentially identical with the orbit of Comet 1862III. Here are 
the elements of the two orbits. 


1 fA 
Orbits of 9, 10, 11 ( et 18 
Perihelion passage ... July 23. August 22.9 
Longitude of perihelion “F 13 S 14° 4] 
Ascending node .... 138 137 
Coc ad peau se a ( Gt 
Perihelion distance . 0.9643 15.26 
Period of revolution ; 105 yea l { 
Direction of motion = retrogradk retrogra 
The difference in the two perihelion times d not mean that tl 
orbits were different even to the minutest degree, but o1 that, 1 
on the same orbit, they reached the point nearest the sun at htly 
different times; that is, one of the bodies traveled over the orbit a little 
in advance of the other. The revolution period ass 
is subject to considerable error because it is not 
paths of the meteors with great accuracy 
There were rich and startling showers of meteors on November 12 
1799, and on November 12-13, 1833. H. A. Newton examined th 
literature of meteoric falls and found that many similar show 
been observed at intervals of thirty-three years runni1 
centuries, to 902 a.p., “the year of the stars,” and he confident 


predicted that another great shower would occur on November 13-14 
1866. His prediction was abundantly verified. Early in 1867 § 
parelli and Le Verrier independently computed the orbit of t 
meteors, and Schiaparelli and Oppolzer independently four t ick 
tical with the orbit of the comet 1866I. Here are the elements of the 
two orbits: 


Meteors of N 


Orbits of ber 13 
Perihelion passage .... . November 10.095 J 7 
Longitude of perihelion 56° 25.9 f 8 
Ascending node ..... cccce Oh 282 
ee we oe OH ; 18 
Perihelion distance ........ 0.9873 


Eccentricity ...... 0.9046 
Semi-major axis ........... 10.340 
Period of revolution .. . 83.250 years 17' , 
Direction of motion ... retrograde retrogra 
It is impossible to doubt that these November meteors and the comet 


referred to were traveling in the same orbit. 

The so-called Lyra meteors are visible about April 20 each year. 
It was noticed in 1867 by Weiss that the orbit of the Lyra meteors 
is essentially identical with that of the comet 18611. 
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Biela’s comet, to which we have referred, when last seen in 18 
as a double comet, was expected to return in 1866 and again in 187 
but it was not seen then, nor later. A meteor shower of modera 
intensity was observed on November 27, 1872, moving in the or 
the lost comet. 

Not to dwell upon the remarkable identities of the orbits of 
four meteor swarms, respectively, with the orbits of the four con 
(Fig. 14), two of which have disappeared, and the other two, of r 
tively long periods, which may never return, we express the prevail 
opinion of astronomers in saying that the meteor streams have actua 
resulted from the disintegration of the four comets. Alexander H« 
schel has prepared a list of seventy-six meteor streams whose or 
agree fairly closely with seventy-six comet orbits. A certain prop 


tion of the suspected identities probably represent facts. It is int 
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Fic. 14 ORBITS OF METEORIC SWARMS, which are known to be associated wit 
comets. 


esting to note that even as early as 1861 the truth of the situation was 
expressed and printed by Kirkwood: 

May not our periodic meteors be the debris of ancient but now disinté 
grated comets whose material has become distributed around their orbits? 
It was in this connection and at that time that Kirkwood was able to 
make a list of eight comets, each of which had divided into two or mor 
parts and had wholly disappeared from the sight of observers. 
The cause of the disintegration of comets is not far to seek. 
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1? 


comet’s nucleus is thought to be a collection or cluster of small 


such as have been observed to collide with our atmosphere and 
duce the meteor showers. They are held together, so to speak, wh 
they are far away from the sun, because of their own very sma 
sufficient attraction for each other; but when they come wit! 
planetary system, and especially when they come relatively close to the 
creat planets Jupiter and Saturn, the sun and the planets attract t 
nearer particles of the comets more strongly than they do the farthe1 
particles. The nearer parti les forge ahea on smaller 
farther particles lag behind on larger orbits, and in the course of ce1 
turies the cometary material is strewn along a great stretch of the 
orbit. Other separative forces—of magnetic or elect: nat 
example—may develop amongst the particles composing the 1 IS a 
a comet approaches the sun. The intensity of the reflected light in a 
parts of the scattered comet structure becomes too small to let us s 
remains of the comet, except as the remnants collide with the earth’s 
atmosphere. There is certainly no reason to doubt that a very great 
many of our shooting stars are the remains of disintegrated comet 
Tens of millions of little meteors enter our atmosphere every twent 
four hours and with rare exceptions are consumed by the heat 

tion with the atmosphere when they rush through it at tre 

speeds. The gases from the combustion enter the atmosphere, a 

ash and other unconsumed parts fall down to the earth’s surfa 

time. Accumulated meteoric dust is found in the perpetual snows at 
the tops of high mountains, and Sir John Murray found it 

brought up from the depths of the oceans. Whether the met 
which penetrate our atmosphere and are found and placed in our mu 
seums are parts of ancient comets can not safely be as 

seems entirely possible that some of them are. However, it is 

tain that any meteorite found on the earth has come from a met 
stream of recognized cometary origin. It is pretty well establishé 


unge into ¢ r ati 


many of the sporadic meteors which } 
traveling on hyperbolic orbits. 

We discover only a certain proportion of the comets which come 
close to the sun and to the earth. The numbers which course through 
the planetary system and remain undiscovered by the observe n the 
earth must be exceedingly great. The supply of cometary material in 
the remote outskirts of the planetary system must be enormou This 
material is prebably in the nature of remnants of the nebula or other 
mass of matter from which the sun, its planets and their moons deve 
oped. This idea is to a certain extent speculative; but that the come- 
tary material is now out there in abundance we can not doubt. Much 
of it naturally consists of matter in the solid state; and, the sun’s 
attraction at that great distance being almost zero, neighboring masses 
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could slowly come together as a collection of small solid masses, su 
as seem to compose the nucleus of a comet. Such a nucleus could 
tract and attach to itself any dust particles and molecules comi! 
within its sphere of attraction. These might well, and probably wou! 
include a collection of finely divided matter that had already bee: 
driven off in the tails of comets which in earlier ages had visited t 
sun. The materials thus collected would be attracted by the sun, 
few of the collections would eventually pass comparatively close to tl 
sun, a few of the latter would be discovered as comets, and a part 
the finely divided material contained in them would be driven off aga 
as comets’ tails into space, possibly to return many times in the bodi: 
of comets coming later into the sun’s neighborhood. Certain of thes 
bodies would come so close to the planets as to have their orbits trans 
formed from very long ellipses to very short ellipses. These comet 
would be disintegrated and their materials be widely scattered. Ws 
have seen that the earth ha. collided with such materials, and the eart! 
is growing slowly, very slowly, through the deposition of the remains 
upon its surface. Probably a little of the same materials goes likewis: 
to other planets of the solar system and adds slowly to their masses 
However, an insignificant proportion of the materials scattered in this 
manner through the solar system is thus accounted for, and the 
mainder doubtless revolves around the sun in ellipses, probably con 
tributing its share of reflected sunlight to the faint glow near the sur 
known as the zodiacal light. 

We have seen that devoted students of comets have learned muc!l 
concerning these interesting travelers. Many mysteries have been 


moved, but many questions remain for the astronomers of the futur 
to answer. We should especially like to know more of the physical 
conditions existing in comets, more about their chemical contents, and 
more as to why and how they shine by their own light. Perhaps the 
most valuable result of cometary investigation has been the emancipa- 
tion of civilized peoples from unreasoning and groundless fears of these 
bodies, which come and go in obedience to the same simple laws that 


govern our every-day affairs. 
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THE STRATEGICS OF SCIENTIFIC INVESTIGATION 


By Proressor T. BRAILSFORD ROBERTSON 


UNIVERSITY OF CALIFORNIA 


The thirty spokes unite in one nave; but it is upon the space for the axle 
that the use of the wheel depends.—Lao-Tsze. 


N all ages and among all races since man first made his début upon 
our earthly stage, certain individuals have differed from their f 
lows in the possession in unusual measure of impersonal curiosity com 
bined with powers of observation, comparison and generalization. 
Where historic record fails we can infer the existence of these li- 
viduals from the heritage of knowledge which they conferred upon their 
descendants. Such knowledge did not come to man by revelation, or 
rather, let us say, the revelations of past ages did not differ kind 
from those of our own time. The mental exertions which led to 
development of the stone axe from the fortuitously encountered sharp 
fragment of flint did not differ in kind, possibly not even in degree, 


from those which led to the development of the aeroplane from a Chi- 
nese toy. 

These individuals, whom I prefer to call investigators, avoiding 
alike the barbarism of the word “researcher” and the restricted con- 


] 


notations of the word “scientist,” have but rarely, at any stage of the 
world’s history, appeared of any importance in the eyes of the acknowl- 
edged rulers and leaders of mankind. In so far as they have occasion- 
ally combined charlatanry with science, as in the case of the ancient or 
medieval astrologers or a certain type of modern inventor, they have, 
it is true, occasionally achieved notoriety and the consequence attachir 
to the recipients of the beneficent toleration of rulers. In times o 
actual and impending disaster the desperate ruler not infrequently 
turned to his men of contemplation, to his astrologer, his magi or to 
Archimedes, with the helpless confidence with which the stricken pa 
tient turns to the surgeon upon whose labors he has never bestowed a 
thought in his days of health. History repeats itself, because the poli- 
ticians and financiers of to-day are merely protean forms of the satraps 
and merchants of Persia, or the senators and bankers of old Rome 
} 


Lic 


? 


placed in a different material setting, and the parallel between t 
European governments of to-day turning desperately to science for aid 
in the extremity of their peril and the Oriental emperor who in a 
like pass appealed to his wise men who were versed in the stars, would 
be comic indeed, were it not so unutterably tragic. 
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It has been but rarely, and then wholly fortuitously, that the inv: 
tigator has been valued as a potent factor in society. In those ra 
instances it has been the individual who was valued, not the type, a 
the value has generally been that which the collector places upo1 
unique item in his collection, or which the vaudeville artist pla 
upon his performing panther, or that vague and fruitless venerati: 
with which the sage, the hermit or the dear old unpractical sweet 
disposed rector of an English village is not unfrequently regarded 
veneration which arouses no desire of emulation, but which finds 
source in the incomprehensibility of the inspiring motive or its remot 
ness from the commonplace. 

It has not infrequently been recognized by rulers that the patro1 
age of learning has occasionally been rewarded by unexpected benefit 
and from Hiero relying upon Archimedes for the defence of Syracus: 
to Christina of Sweden summoning Descartes to read to her before 
breakfast, rulers have sporadically contributed to the service of inves- 
tigation. In modern times likewise it is officially recognized that th: 


investigator may be an ornament to the state, but, save in the times of 


stress aforesaid, no hint of consciousness is betrayed that the labors of 
the investigator may constitute the very framework of civilization. 

“Old women for old women,” says Walpole, referring to the Royal 
Society, “I would trust to the analysis of the matrons in preference 
to that of the philosophers.”* When the master-investigator of all 
time, Michael Faraday, ventured, in response to the ill-advised persua- 
sion of his friends, to apply to government for a minute fraction of the 
recognition to which his incalculable services had entitled him, he was 
received by Lord Melbourne with the epithet “humbug.” In 1914 
when one of the greatest medical investigators of our day preferred a 
similar request to government his plea was received by the official 
overlords with the silent contempt of utter indifference.’ 

The mental attitude of the general public towards the investigator 
is similar to, but less financially profitable than, the attitude of tolerant 
and half-contemptuous admiration which is displayed towards the artist 
and the virtuoso, and it would be alike endurable were it not fraught 
with the very gravest dangers. What confidence would we possess in 
the lawyer unaware of the sources of common law or in the docto1 
who was professedly ignorant of the anatomy and physiology of the 
human body? What confidence shall we then display in the statesmen 
who remain oblivious and blind to the nature of the formative forces 
which under their very eyes are continually refashioning civilization ? 
A momentary recognition of the danger of ignoring the investigator is, 

1“An Account of the Giants Lately Discovered,’’ 1766; Works of Horatio 
Walpole, 1798, Vol. 2. 

2 Cf. correspondence in the Morning Post and other London newspapers in 
the spring of 1914. 
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it is true, being displayed throug 
ywing to the crucial part which his labors pla 

tion of life and property which is the chief p1 vation of civ 
neoples at this date. Good resolutions are ’ , 
Great Britain, America, Canada and Australia, resolutions w 


expression in governmental plans for the future administ 


scientific research. The education and traini1 fF the 
politician is, however, so pure ly legal, commercial and, in rat 


literary, that it is not a matter for surprise that the various schemes 
for the furtherance of research which have is amiably bee 
ward betray little comprehension of the real needs and pote 
the investigator and little or no grasp of his true significance 
politics. Indeed the various plans which have been proposed w 
they materialize, carry with them very real dangers to true reseat 
were the investigator as stridently vocal as th n, | 
unlikely that in many quarters at the present juncture earnest appeals 
might be heard from the scientific investigator to be sa 
friends and to be favored once more with the obscurity te 
certain fish which dwell in caves, he has become ha cle 
The various plans to which I have made allusion all bear 
unmistakable stamp of the mental bias of the political administ 
They unite in assuming that any given problem can be solv 
only the requisite number of persons, duly provided with diplomas, 
paid to investigate it under the supervision of course of the om: 
administrator, who, in some of the plans I have instanced, is not even 
required himself to take part in the labors of his employe 
tactics are well known to succeed in the 
and while it may well be doubted whether they ever produced a Milan 
Cathedral, still they have given rise to many i ng ¢ al 
why not, therefore, to the halls and corridors of s 
: And then, of course, all of these plans unite in assum 
public investment in science must be made to “pay.” N 
is far from taking the view of certain of his s 
: any association of commercial value with the products of reseat 
k inevitably accompanied by a degradation of ideals. TI 
ject of investigation lies in the attainment of complete trol an 
understanding of our environment and only in so far as our « ron- 
ment is subject to control does it become of value to us. The whole 
difference between the value of our world to-day and that of the wor! 
inhabited by neolithic man is, as I have sought to show in a previous 
‘ article, the product of the labors of the investigator. But these labors, 
however inchoate and devoid of the inspiration of a broad predeter- 
mined policy, have nevertheless in the past been for the greater part 





the result of an enlightened and penetrating curiosity and have not as 
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a rule been dictated by a sense of immediate or personal advanta 
They have therefore resulted in the attacking of broad problems, 
the nonce unprofitable but in their fruition how deeply fraught » 
significance to humanity! If the kind intentions of our politi 
friends are executed, however, all this will now be changed, the . 
academic notion of the remoteness of the investigator from the eve: 
day exigencies of life will be swept away, the unpractical investigat 
of the laws of atomic affinity will be replaced by an intensive study 
cheese-making and the inspiring contemplation of the mysterious stru 
ture of the crystal will be replaced by a study of improved methods . 
hardening steel. 

I am far from attempting to impugn the value or the ultimate 
well as proximate importance of these studies of immediate practi: 
concern. The Infinite lies hidden in every grain of sand and no object 
whatever is devoid of dignity as an object of research. Pasteur wa 
led to his epoch-making investigations which have ameliorated so mu 
of human pain and suffering by a study of the problems encounter 
in the manufacture of wine and of silk. Faraday’s genius for research 
found the path to a new world through his attempts to provide manu- 
facturers of optical instruments with a new and more satisfactory typ 
of glass. But the doubt which assails me is this: Supposing our polit 
ical friends had by happy chance engaged a potential Faraday or Pas 
teur to investigate the chemistry of cheese or the hardening of steel 
and suppose in the course of these utilitarian investigations he too 
were to tap a vein of knowledge leading deep into the heart of th: 
mysteries of our environment, would he be permitted so unprofitable a 
divergence from the main object for which he had been hired? How 
ever sympathetically inclined his immediate overseer might feel, | 
think that it might be difficult to convey to the politicians to whom hi 
in turn would be answerable the ultimate significance of such abstract 
and generalized investigations, and when in turn the matter came to be 
referred to voters, i. e., taxpayers, I fear it would go hard with our new 
Faraday or Pasteur. 

The wind bloweth where it listeth and the spirit of man can not be 
confined within premeditated bounds. This human institution, th 
institution of investigation, must like other human institutions be of 
natural and spontaneous growth or it will inevitably decay. Just as a 
church can not be established by statute, nor a system of law be per- 
fected in the brief deliberations of a committee, so scientific investiga- 
tion must develop of itself, by the expression of its own internal vigor, 
into an autonomous and self-supporting institution, integrally welded 
into our daily lives and the living expression of a need and a function 
of society. 

Such, indeed, in slow and painful stages has been the past devel- 
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opment of science and such, in an accelerated measure, must be its 
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development in the future. There is, indeed, a legitimate sphere for 















































governmental enterprise in that gap between pure science and practical 
industry which has hitherto been so imperfectly bridged. Sut the 
activity of governments in this field can not stimulate the broader 
activities of the investigator and there 1s, on the contra 
. serious apprehension that the activities of governments in this ection 
may actually result in depriving the broader and ultimate more sig- 
nificant investigations of the means for thei: prosecution. The vern- 
ment institutes for research having been founded and munificently 
“7 endowed, why should further grants and endowments be furnished for 
4 investigations which are not carried out undet ernment ntro] 
; The danger is that cheese-making and steel-making and t e bell 
7 adequately provided with expert scientific advice the politician may 
ry heidi ; . , 
‘3 decide that all is now well with the investigator and turn vw relief 
; to the more familiar problems of “ practical politics.” 

In order to combat this tendency and to stimulate the spontaneous 
development of investigation in a measure commensurate with th 
accelerated velocity of modern social evolutioz itis a i S10 
that investigators the world over should at this time take thought and 

counsel among themselves as to the new ways and means to be adopt 
3 the secular changes in our procedure which will bring our institution 
j of investigation more closely into harmony with the increasing con 


plexity of modern development. Just as, from time to time in the 


world’s history, when some crisis has brought into prominence the 





misfit between existing institutions and actual needs, the churches have 
changed and adapted their organization and the existing body of laws 
and legal procedure have been subjected to reform, so in this day of 


crisis our institution of investigation must be subject to a like scrutiny 
and the origin of misfit between existing need and existing procedure 
sought and if possible removed. 


Se pie DAD Bleed riba ings 


In past centuries the investigator has been largely content to rel} 
for the satisfaction of his personal needs and those of his profession 
upon the largesse of patrons. So far this procedure has yielded results 
the vast import of which it would be impossible to exaggerate, and is 
unquestionably destined still, perhaps for many generations, to provide 
the main support of this service of mankind, but as the exclusive means 
of subsidizing investigation it is outworn and ill-adapted to the needs 
of our present time. To-day we see that increasing patronage, so far 
from constituting fresh opportunities for science, actually constitutes a 
grave danger to the welfare of the broader and more fundamentally 
important types of investigation. The channels are to be made deep 
for the ultimate trickles, but the fountain-head from which the waters 
of knowledge proceed is to be neglected, possibly in even greater meas- 
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ure than in the past, and we may well apprehend that in course 
time it may become clogged to the serious impairment of its outfi 
The remedy lies in our hands and individually or collectively the d 
cision must be taken now. There is only one solution of our proble: 
and that is to cast off our swaddling bands, cut ourselves loose fr 
patronage, and take into our own hands the destinies of our own inst 
tution. While enlightened private patronage will still in a measu 
contribute towards the achievements of investigation in the future, 
ever-increasing degree we must cease to be dependent upon others a1 
look to the product of our own efforts to afford us the material founda 
tion of fresh enterprises. I have elsewhere endeavored® to form som 
imperfect estimate of the monetary equivalent of the colossal valu 
to which the accumulated investigations of mankind have given ris 
Where values are so enormous, comprising almost the entire value of 
existence, such estimates are necessarily only fragmentarily valid. 01 
fact is abundantly demonstrated, however, and that is that by far th 
greater part of the summated value of the manufacturing industrie 
of our day owes its existence to and depends for its continuance upo 
the labors of the scientific investigator. Of the vast annual income 
which is realized by these manufactures and which arises out of their 
patents a barely discernible fraction ever finds its way back to furnish 
the means of providing fresh discoveries and fertilizing the field upo 
which we must rely for the production of fresh growths of industrial 
enterprise. 

If the scientific investigators produce this vast wealth they can 
also in some measure control its disposal and by observing the guiding 
principle that in a steadily increasing degree investigation must b 
made self-supporting, they will undoubtedly in time be enabled to de- 
flect some proportion of this wealth, and a very small proportion indeed 
would be sufficient, to the services of their institution. 

In isolated and strikingly successful instances this principle has 
already been practically applied. The Solvay Institute in Brussels 
owes its existence to the wealth proceeding from the discoveries of 
Solvay. The Institute of Experimental Therapy in Frankfort to which 
medicine already owes practical results of stupendous significance is 
supported by the proceeds accruing from Ehrlich’s patents and the 
Research Corporation in New York, deriving its income from the Cot- 
trell patents, is the first instance of a more fundamental and far- 
reaching endeavor to place the institution of investigation upon a self- 
supporting basis. It is through repeated independent applications of 
this principle that the extensions and proliferations of re-earch in fu- 
ture generations are to derive their material bases. 

The objection will unquestionably be urged by many scientific pur- 


3‘*The Cash Value of Scientific Research,’’ THe ScrentTIFIC MONTHLY, 1 


(1915), p. 140. 
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ists that this procedure would involve the 
that once the investigator enters into the market-place his ideals wil 
be contaminated and the purity of his aims sullied. My reply to th 





is that a fundamental instinct of mankind can not be suppressed s 

































easily. Investigation will proceed even if individual investigators fall 
by the wayside, and the distinguished instances of successful ente1 
prise of this type to which I have drawn attention are livil nroo 

that the investigators to whom they owe their o1 I ere not so lack 
ing in determination and enthusiasm as to relinquish their life-work 
merely because personal advantage tempted or the chaffer of th 


market disturbed them. 

Churchmen in all ages have been known to sacrifice perso lvan- 
tage to impersonal ideals, statesmen 
ism before profit. Are investigators then so inferior to other me 
so delicate a moral and mental fiber that they lber t 
their ideals at the altar of Mammon directly the opportunity present 
itself? Or is it, that never having submitted to the t 
needlessly distrustful of their own moral stamina? I doubt not that 
the objector would, if questioned, be confident of his own a 
fast his ideals, it would be the weaker brother for whom 
solicitous. Well, let the weaker brethren go, for we can rea al 
them, and they too may have their 
between science and industry to which I have alluded as a fut 


of governmental or commercial enterp1 


Should the few but noteworthy precedents which have alré een 
set develop, as I am confident they will, into an avowed pol f th 


majority of scientific men, then a n 

for science will have capital of its own to dispose of without fear 

favor, without deference to the caprice of the pati 

of a donor or the utilities of the moment When this hour arrives the 

campaign of the conquest of nature will have entered upon a new phas 

and, equipped at last to conquer, a definite strategy of investigation w 

have become an imperative necessity. 
Investigation has hitherto proce 

tween the availability of funds and the talents 

investigator. These latter must always remain a determi: 

but the availability of the paltry means which are usually needful w 

it is to be hoped, cease to determine with iron and senseless 1 

the evolution of civilization. At the present time it is comparatively 

easy to obtain money to endow astronomy, because the subject is in 

itself inspiring and has never lacked great popularizers and « 

and also perhaps in some measure because a telescope or an observa- 

tory is a visible monument to the donor. It is easy to obtain money for 

objects of real or fancied utility, for the investigation of certain aspects 
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of medicine or agriculture. But it is difficult to obtain money for th 
investigation of recondite phenomena in physics or chemistry or for 
such subjects, for example, as the psychology of insects. Yet if per 
chance the strategist of investigation were to survey the whole fiel 
scientific knowledge as one might survey a map he would inevitably find 
that all subjects of investigation are closely interwoven and mutuall; 
interdependent. Slowness of advance in one direction cripples advanc 
in another, lack of knowledge in some at first sight unrelated field pro 
hibits the fruition of research elsewhere. 

Then, again, apparent value is not in the least identical with the 
real or ultimate value of investigation. To the man in the street 
it may appear that the study of fertilizers or of soils, of minerals or of 
dyes affords at the present time the fields of prime importance. Wit! 
out in the least detracting from the proximate and ultimate value of 
such researches, the biochemist, looking a few decades farther ahead, 
can see in the study of the phenomena of fermentation, of enzyme a 
tion, the germ of a future discovery, the artificial photosynthesis of 
carbohydrates, which will accomplish nothing less than an industrial 
revolution and sweep aside at one stroke the economic problems of im 
memorial centuries. Yet with such a possibility lying dormant in th 
subject, where do we find an elaborately equipped institution for the 
scientific investigation of enzymes, where leading investigators in th: 
field are congregated and all the resources of modern physics, chem- 
istry and biochemistry backed by the necessary equipment are brought 
to bear upon this field, fraught with such vital significance to man? 
If there exists indeed such an institute then I am ignorant of its 
whereabouts and of the names of the members constituting its staff. 
The field is not one which has appealed to patrons, the word fermenta- 
tion reveals to them only the manufacture of beer, which is not the 
most inspiring of our industries. But the strategist of investigation 
would place his finger upon this spot in the terrain of scientific con- 
quest and order up reinforcements to support the thinly scattered and 
ill-equipped forces which at present represent the sum total of human 
endeavor to enter into possession of this new world which lies before us. 

Another subject which will doubtless greatly interest the future 
Parliament of Science will be that of the geographical distribution of 
investigation. Here, too, our absolute dependence upon patronage has 
unfavorably influenced the development of our institution. At present 
an enormous proportion of organized investigation is being conducted 
in the vicinity of the large centers of population in Europe and North 
America. That is partly because of the natural tendency of investi- 
gators to congregate in the neighborhood of the patron who endows 
their labors, and partly owing to the fact that in the absence of any 
Parliament of Science or analogous deliberative body to discuss such 
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broad questions of policy, active investigators have arisen to not 
those localities where opportunities are most abundant, new 
tunities have been created for them and thus, if this centripetal 
is to continue unmodified by some centrifugal policy of distribution, tl 
facilities for research will tend to become in ever-increasing degre 
confined to a comparatively small number of centers of popu 
? It is, of course, having regard only to the effects and achieven 
of investigation, totally immaterial where it may | icted. t 
om other points of view the present centripetal tendency of invest 
rom other points of the } t t 


gation is a serious handicap to the accelerated developme: 











} function of society which is imperatively demanded by t 
creasing complexity of our social and material environment In tl 
first place the congregation of investigators in a single center leads, 
through constant personal interchange of views, to a certain uniformity 
of thought which, not infrequently, becomes indistinguishable from 
prejudice. The scientist who has travelled can not fail to have observed 
that his colleagues in Berlin, for example, all share a certain number 
of views regarding the field in which they labor; his colleagues 
London will have a somewhat different group of opinions in the fore- 

ground of their thoughts, while those in New York will esteem yet a 
third group of phenomena or hypotheses as of prime immediate im 
portance. This is inevitable, because no investigator, no matter how 
virile and creative his intellect, can form an opinion from personal, 
unprejudiced experience on every phase of his chosen subject and he 
therefore in such matters provisionally absorbs any plausible opir 


which lies nearest to hand. His acceptance of such opinions is pro 
visional and subject to revision in the light of fact, it is true, but prioz 
to or failing such revision it must play its proportionate part in det 
mining his mode of investigation in other fields. Obviously a centrifu 
gal distribution of investigation would reduce this tendency towards 
- gelation of hypotheses to a minimum and produce among investigators 
as a whole that catholicity of outlook and variety of attack which is the 
condition of success in the interpretation of the myriad manifestat 

of the complexity of our environment. 

4 But the present centripetal tendency is fraught with yet more s 
rious consequences, for centralization of investigation implies centra 
zation of the opportunities for investigation. At the present date 
New York, London, Paris or Berlin the young man who has capa 

for original investigation has every opportunity of acquiring fa 

for his work and for gaining inspiration from the es 

gations proceeding to a successful issue i1 Owl nity and under 
: his own observation. He sees in actual operation the methods of work 
adopted by masters of his subject, and example and opy nity alike 
combine to make the path easy to his 
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we say of the opportunities of the young man in Siberia, China, Austr: 





asia, South America or Africa? We can not doubt, in some instan 





we have living proof, that the populations of these countries, grant 





equality of opportunity, would produce their proportionate quota 






























talented investigators. In certain localities in these countries ever 
necessary institution exists for providing the essential prelimina: 
training of the investigator, but, training in the fundamentals of h 
subject secured, where is he now to turn for the living example of tl! 
great investigator or for the opportunities of a laboratory partly « 
wholly devoted to research? The bare possibility of creating fré 
fields of knowledge in his chosen territory will probably never ey 
occur to him, since he has never seen or been stimulated to imagi: 





investigation conducted on a broad and practical scale. Thus he tur 
his energies to other fields and perchance may dissipate on trifl 
talents which would have been of priceless value to civilization. As a 
means, then, of tapping new sources of talent for investigation, a cer 
trifugal disposal of investigators and the opportunities for investigatio 
has now become a paramount necessity. 

But long ere we can accomplish a fraction of these desirable reforms 
and developments of our institution a new spirit must arise amo! 
investigators themselves. For centuries they have held themselves 
aloof from the world and centered their regard too exclusively upo1 
their chosen special fields. Few indeed are the investigators of th 
present day who devote any proportion of their time to reflection upor 
the ultimate import of their profession, fewer still are conscious of a 
uniting purpose binding them to the investigators of all lands and 
times, of the historical continuity of their labors, or of the vital sig- 
nificance of their function in society. The communal spirit whic! 
arises from the awareness of common aims and the certitude of irre- f 
placeable usefulness which is the driving force of any and every human 
institution is as yet,in our institution of investigation, but inadequately 
aroused. If we are to take our rightful place in the scheme of things 
and acquit ourselves as becomes our responsibility we can not too soon 
take these fundamental aspects of our profession seriously into con- 
sideration. 

And above all let no investigator be ashamed of his profession and 
let none regard his labors cheaply, for the investigator is the pathfinder 





and the pioneer of new civilizations; he is more than that, he is the 
interpreter of the Infinite. 
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By MINNA C. DENTON 
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N these days there is hardly a more commonly accept nein 
| of human conduct than the tendency to supplant inherit in- 
stincts by experience based upon organized knowledge; nor will the 
teachings of unorganized knowledge prove an acceptable titute 
Unaided mother-love has brought up most of the babies reared to adult 
stature since the dawn of creation, yet it must confess that modern 
methods in medicine have bettered its instructions. No longer t 
possible for the singer, the engineer, the nurse, the teacher. to make 
headway professionally without scientific training; and now tl 
the policeman, the saleswoman and the charity worker are lx ning 
to follow suit. 

Moreover, in regard to inherited instincts, it has to 
that they are sometimes altogether lacking upon most important i- 
sions, or even fundamentally wrong. It is well known that though 
nany animals, thrown into the water for the first time, can save tl 
lives by swimming, the inexperienced human is usua 
so. The instinct for scratching an irritated skin is almost iner 
yet ordinarily mischievous and often dangerous. The universal liking 
for so powerful a poison as alcohol, so easily developed by all races of 
men, has sometimes been cited to disprove any possible theory of organic 
evolution. Such instances as these may easily be multipli 

How does this apply to that absolutely universal, most impor 
and least considered (from the scientific standpoint) of all human 
performances, the every-day business of eatiz 

It is perhaps a self-evident proposition, that the human body is, 
physiologically speaking, a machine, i. ¢., 
more or less perfectly coordinated mechanisms, for which foods serve 
the double purpose of supplying structural material and also fuel 
which keeps the engines running. It is a deduction which few would 
care to deny, that any machine will run better and last longer if built 
of proper materials suitably repaired, and fed with the proper kind of 
fuel, in amounts suited to the kind of work it has to do. Yet the w 
versal criterion used by the builder, rey 
is the desire to eat, dignified by some such name as “the normal healthy 
appetite,” “natural instinct for food.” And meantime, the tendency 
of physicians to use “regulation of the diet” rather than medicine, as 
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a means of combating a long and diversified list of human ills, seems to 


be constantly and most disturbingly on the increase. 

It is to be observed that there is no immunity from any of these 
ills for the multitude who (explicitly or tacitly) maintain that eating 
should be entirely an esthetic performance, guided solely by refined and 
restrained sense gratification and adapted to encourage social inter 
course; a performance, then, which can have as little concern with 
calories and protein, as has the music-lover’s enjoyment of a beautif 
taken high G, with a consideration of the wave-lengths of the vibratio: 
which produced it. This attitude toward scientific nutrition has, 
needless to say, as little efficacy in warding off the physical ills resulting 
from dietetic errors, as has the behavior of the traditional ostric! 
toward the danger by which it is confronted. 

Let us undertake an analysis of the motives involved in the desire 
for food, as they commonly operate among the various classes of peopl 
of our own day and country. 

1. Hunger. Beginning with the more fundamental physiologica 
motives, we find that recent investigations’ seem to demonstrate con- 
clusively a fact which most of us will be inclined to concede at once, 
or at least after a little reflection, viz., that hunger and appetite ar 
distinctly different motives. Hunger is to be defined as an unpleasant 
sensation, referred by most people to the pit of the stomach or close! 
adjacent regions, not caused by the sight or thought of food, but by 
certain type of contractions of the stomach muscles which begin as 
soon as the stomach has been emptied, in normal individuals, a1 
which continue until food is taken. The degree of hunger sensation or 
pang to which (presumably) these muscular contractions give ris 
varies in different’ individuals, and also, of course, in the same i! 
vidual at different times. Both the muscular performance and the 
sensation occur intermittently at first, or in periods of varying in- 
tensity, but at length these periods become continuous if no food is 
taken. In prolonged starvation or undernutrition, however, it seems 
that the hunger sensation (though not the contractions) gradually 
becomes weakened. Hunger pangs and contractions are almost in- 
stantly stopped by the entrance of food or palatable substances into 
the stomach, or even by fused taste and smell sensations unaccompanik 
by the swallowing of food. A few spoonfuls of hot soup, though they 
may contribute little or no nourishment to the body, go far toward 
alleviating hunger pangs for the moment; even a drink of water some 
times helps; and this would be true even though the liquid were 
swallowed, as was proved in case of Mr. V————,, Professor Carlson’s 


7 


1 Cannon and Washburne, ‘‘An Explanation of Hunger,’’ American Journal 
of Physiology, Vol. XXIX., p. 441. Carlson, ‘‘Contributions to Physiology of 
the Stomach,’’ American Journal of Physiology, Vols. XXXI.—XXXIX., incl., 
also ‘‘ Control of Hunger in Health and Disease,’’ University of Chicago Press. 
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man with occluded esophagus, who had to be fed with stomach tube. 


Such facts perhaps indicate to us the biological necessity for the co- 
operation of appetite with hunger. 

2. Appetite is sometimes regarded as a fundamental in 
action, and sometimes as being wholly the product of educa 
of the individual’s experiences with foods. In contradistinction to 
hunger, appetite is a pleasant sensation, and is invariably associated 
with the taste, smell, sight or memory of palatable food. It is de- 
pendent upon, or coincident with, changes not in the n r walls. 
but in the lining membrane of the mouth and stomach. T 
“watering of the mouth” or psychic secretion of the saliva, connected 


with the appearance and eating of food which is enjoyed, is a good 


illustration of these appetite phenomena; and exactly the same thing 
is happening at the same moment in the stomach, though the individual 
is not, of course, subjectively aware of this fact. 

Here, then, are two great motives having altogether Ter 


physiological basis and action (t. e., concerned with different tissues 
of the body), which ordinarily act together in bringing about and 
maintaining the desire to eat, until the amount of food taken shall 
have become adequate for sustenance. 


The hunger motive, it seems, is extraordinarily independent of 
environmental and educative influences, except for certain habitual 
inhibitions. It can by certain means be caused to disappear instantly 
but can not readily and immediately be caused to ay pear or increase. 
The strength of its contractions and pangs is, however, influenced by 
physical vigor and rate of metabolic activity. Moderate muscular 
work or exposure to cool air augments metabolism and at the same 
time increases hunger. The young animal, who is metabolizing (e. ¢., 


burning food as body fuel) more rapidly and therefore uses more food 
in proportion to its size than does the older one, also feels more keenly 
the hunger pang. Again, one may be much more hungry coming home 
at midnight after the theater (say five hours after the conclusion 

the evening meal) than he is before breakfast the next morning (say 
twelve hours after the conclusion of the last meal); presumably be- 
cause, in the latter case, metabolic activity is not yet in full swing for 
the day, and so the hunger contractions can not attain their maximum. 


And yet, pleasurable appetite sensations connected with the anticiy 
tion and appearance of a good breakfast, may lead to the taking of a 
hearty meal, even though the individual on arising was not aware of 
any special hunger pain or discomfort. 

Not all food materials, however, are valuable to the body in pro- 


portion to the appeal which they make to the appetite. For example: 
the flavor substances in foods which stimulate the olfactory and gusta- 
tory nerves and thus give rise to appetite, are not ordinarily the sub- 
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stances upon which the body depends for its fuel, nor for the gr 
bulk of its building materials. These latter materials—proteins, f: 
or oils, and carbohydrates (i. e., sugars and starches), when chemical 
pure, have little or no taste or smell. (Sugars and various min 
salts are of course exceptions to this statement.) But so long as flay 
bodies accompany nutritive substances, as is the case in most of 
animal and vegetable tissues which man has appropriated for his 
the facts just stated are without much practical significance. Whi 
these tissues have undergone manipulation which divorces flavor b: 
from nutritive substances, the case is quite different. For instance, 
the use of boiled meat, appetite leads us to prefer the broth, which « 
tains most of the flavor bodies (except those which may have esca 
into the air with the steam), but which has practically no nutrit 


value, unless quite greasy; and to reject the tasteless meat, which con- 


f ] 


tains 96 per cent. of the protein; very likely we also skim the soup to 


f ] 


remove most of the fat, which is a highly concentrated form of fuel. 


The preference for thin and crisp rather than greasy bacon is 


other illustration of the same thing. In a recent experiment 


} 
; 


found that of the 129 calories which represented the fuel value of a 


very thin 20 gram (three fourths ounce) slice, only 9 calories re- 


mained when the slice was sent to the table; 120 calories being rep 


sented by the fat which “fried out” into the pan. In this case a 
siderable amount of flavor body also goes into the fat, yet most perso 
would not consider eating it unless it bas been skilfully blended w 
large quantities of other foods; whereas the scrap of skeleton tiss 
which has lost 93 per cent. of its food value is a dainty morsel. 

Many more illustrations might be given to show the great and ofter 
inordinate changes in food value of our dietaries, due to some special! 


’ 


sometimes even erratic demand for what the individual has been led to 


consider a satisfactory flavor or an agreeable texture. These demands 


are apt to be particularly conspicuous and variable with individuals 
who are sedentary workers of the middle and upper classes, who | 
mostly in stagnant indoor air, whose muscular tone is usually low, w 
relatively feeble hunger contractions. For their appetite sensations, 
through the development of keen discrimination made possible by the 
wide choice of foods now offered, even to those of very moderate means, 
may be exceedingly acute, though their actual food requirement is rela- 
tively low. 

Let us enumerate several instances of the lack of correspondence 
between popular demand and actual food value. The sauce made from 
dried fruits is usually much higher in fuel and even in protein than 
are the fresh fruits, but the latter are commonly preferred for their 
more delicate flavor; whether they have any further advantages over 
the dried fruits (possibly in the presence of the still mysterious 
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vitamines, or substances of kindred importa1 
drving?) is another matter. Similar! 
narilv cooked will have from two to three tin 


green ones. In a general way the same 


foods and of many meats. In the case of ms 


to be of equal importance with flav 
nortance—as when tenderloin is preferré 


steak. Yet the tougher cuts of mea al 


\ 
+ 


higher-priced ones; and, it may be remar 


i 


tender with the development of good 


nutritive value. Price is a rough ind f 
a quart, which is about $2.25 for on 

one ounce of protein, are very likely 
codfish at 10 cents a pound, which is 20 
91 cents for one ounce of protein Ur 
pound size), costing 60 cents per 

rather than apples (at 30 cents a px 

for 12 cents. There may be no reason w! 
in either instance, but the justification somé 
gant housewife, that she must have “ the 


nourish her family, is likely to be w 


] 
| 


of sanitation or digestibility may be involved 


Besides the fact that not all food mater 
in proportion to the appeal which they ma 
consider the great and often irrational va 
is subject. No other bodily S¢ nsibility , pel 
by habits and customs and conventions, 
prejudice, by connotating circumstances, | 
by the emotional complexion of the moment 
so highly susceptible of education. Ra 
family, individual experiences—the\ 
my ideas of what I should have to eat. So, 
the geographical area, in which I live. 
may have the largest “say” of all; if she 
so that they are appetizing, I shall px 
fruit, though none of these is an interchar 
other. Convenience, the cost of livir 
times large factors; city life does not « 
even breakfasts; rich country cream on m1 
to my breakfast over the 18-per-cent-fat-} 
ment cream I usually get at my city boardi: 
logical conditions may act irrationally, as 
I take ice-cream (very likely a more con 
solely for its cooling effect; or when in the 
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shopping I buy tea and cakes in order to get a chance to sit down for 
half an hour. 

It is evident that many of these factors mentioned above have no 
conceivable relation to my bodily requirement for food, which is deter- 
mined chiefly by my age and stature, the amount of muscular work | 
do, my general nervous and muscular tone, my exposure to cold. Di- 
gestibility of food materials and conditions which favor good digestion 
are essential. Yet it appears that the importance of the enjoyment 
of food to secure favorable psychic influences upon digestion has been 
considerably overestimated, since men forcing themselves for experi- 
mental purposes to live upon a diet so monotonous as to be repugnant 
in the extreme, digest it in normal fashion; and similar results usuall) 
obtain with forced feeding of animals. 

Any condition of food materials causing them to resist digestion 
will reduce their availability, and in proportion to the delicacy, sensi- 
tiveness or robustness of the individual digestive mechanism. The 
nutritive value of bran biscuits, or of rich pastry, may be zero for 
some persons, though both protein and fuel values of these two articles 
are very high when they are fairly well digested and assimilated. 

An important factor in determining the nutritive value of the 
dietary is due to a tendency frequently observed toward large use of 
“manufactured” or commercially manipulated food materials, and to 
elaborate blending of these materials by the cook into rich and sweet 
desserts and other “made dishes,” which, though high in fuel value, 
may very likely be lacking in some of the essential body constituents. 
Modern processes of food manufacture frequently result in the prepara- 
tion of highly concentrated food materials—sugars, starches, fats and 
oils, various dried preparations—whose functions, when they are taken 
into the human organism, alone or in artificial combinations, are 
specialized and limited, and whose effects upon the instincts of hunger 
and appetite may easily be out of all proportion to their useful func- 
tions; e. g., starch is isolated from the potato, from maize, from a dozen 
other sources; fat is isolated from milk as butter, from pork as lard, 
from the olive as oil. Sugar, a carbohydrate taken from sugar cane, 
beet or maple, is consumed in enormous and ever-increasing quanti- 
ties; a recent estimate by a federal authority places its daily consump- 
tion at one fourth of a pound per capita, for the well-to-do classes, 
which would cover 450 calories, or almost 20 per cent. of the total 
food requirement of the adult sedentary worker, and a larger propor- 
tion of the child’s requirement. The obvious reason for its popularity 
is not that it is a concentrated form of body fuel, but that it has a 
pleasing effect upon the palate (very similar, it happens, to that of 
saccharin, which has no food value whatever); therefore it is mixed 


with a large number of other foods. I add “a teaspoonful or two” of 
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sugar and two or three tablespoonfuls of cream to my saucer of sliced 


peaches—to be more exact, let us say from three fourths to one ounce 


. 


; 


of sugar and two ounces of cream to five ounces of peach slices—and 
consider that I am eating peaches flavored with sugar and cream. It 


would present the facts much more exactly, from the quantitative 

of view, if I should say that I am eating sugar and cream flavored with 
peaches. For the sugar as fuel is worth 113 calories an ounce, and 
the cream 108 to 144 calories (according with butter-fat content of 18 
per cent. and 25 per cent., respectively; rich country cream runs 
higher), the peaches are worth 59 calories, or about 20 per cent. of the 


fuel value of the whole combination. 
In cooking fruits, particularly the sour or tart flavored ones, this 


lad for # 


enormous increase of food value by sugar added for the sake of improv- 
ing flavor is intensified. The cherry pie which serves six, requires for 
filling, let us say, five sixths of a cupful of sugar to a cupful of cherries; 
i. e., seven and a half to eight and a half ounces of cherries worth 
about 170 to 190 calories, with six and two thirds ounces of sugar, 
worth 756 calories. The crust of this pie presents another example 
combination of concentrates. One half-pint cup of flour (which w 

be anywhere between one fourth and one third of a pound) is com- 
bined with lard or other fat (one twelfth to one half of a pound, ac- 
cording to recipe used) and a small amount of water (two to four 
tablespoonfuls), then baked until it loses an amount of moisture equal 


to from 20 per cent. to 35 per cent. of its total weight. This gives 
the entire crust a fuel value of 700 to 2,200 calories. If we use only 
a moderately rich crust, and add to the filling an ounce of flour (100 
calories’ worth) and one of butter (218 calories’ worth), we shall have 
a value of 430 calories for each serving of 3 ounces weight (one sixth 
of the entire pie). About 30 of these calories are due to the cherries, 
the other 400 result from the added concentrates (35 per cent. from 


the fat, 31 per cent. from the sugar). Had the cherries been served 
as fresh fruit without sugar, a liberal serving of whole cherries would 
be three and one half ounces, worth some 74 calories; pitted, from 
three to five ounces (69 to 115 calories) makes a good showing, and 
most persons would add half an ounce of sugar (57 calories), or 
some would like twice that amount. As sauce, four ounces would make 
a good serving; that weight represents four and one half ounces of 
pitted fresh fruit (103 calories’ worth), which would cook down almost 


to three ounces and would require the addition of at least three fourths 
ounce of sugar (85 calories), for cooking fruit “brings out the sour 
taste,” and adds to the demand for sweetening. The value of a four 
ounce serving of the sweetened sauce is then at least 196 calories. 
Not many of us would care to consume two ounces of sugar (about 
seven lumps, or four to six leveled tablespoonfuls) for breakfast with- 
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out the aid of flavoring materials; yet an ounce on half a grapefruit, 
half an ounce on breakfast cereal, and one third ounce (one lump) in 
coffee, are very moderate estimates of the amount eaten by the average 
person. This addition of 226 calories to the breakfast would easily be 
doubled by persons with a sweet tooth, and the consumption of a smal] 
tablespoonful of marmalade or syrup would mean another hundred 
calories or more, most (or all) of which are due to sugar. 

It is true that sugar is a valuable fuel food, but it is far from being 
able to supply all, or even a large proportion, of the food requirement. 
When eaten as it occurs in nature—in fruits, many vegetables, in 
sugar beet and cane and maple sap—it is taken in comparatively dilute 
form, and the plant tissue in which it eccurs helps to supply small but 
not altogether unimportant amounts of other food substances whi 
should accompany it, but which are cast aside as impurities in the proc- 
esses of manufacture. When the sugar is taken in the “ pure” or co1 
centrated form—as, for example, in the unhygienic performance of 
which two school-girls with a half-pound box of candy between them 





are capable—it has a well-known cloying effect, so that it replaces t 
undue extent other needed food principles; or if not, then it con- 
tributes to over-eating, that evil so highly prevalent (when a sou 
digestion permits) in the well-to-do sedentary classes. For the extra 
sugar adds unnecessary fuel, without being able entirely to replace pro- 
tein or at all to replace mineral salts as body building material, and 
without being able to do the work of vitamines, organic acids or bases, 
and other necessary regulatory substances. 

In other words, our fashions in cooking and eating are often too in- 
tensive in respect to certain preferred concentrates. No wonder the 
ery is raised by faddists (and by others) concerning the dangers of 
“denaturized foods.” These statements are not, however, to be taken 
as an argument against the use of prepared sugars, starches and fats; 
but as a protest against allowing the dishes made from them to re- 
place wholly such foods as fresh fruits and vegetables. These latter 
are lower in fuel value, but contain needed mineral salts, organic acids, 


39 


“vitamines,” etc., which are very likely lacking in the rich pudding, 


flaky pastry, or sweet sauce or confection. 


+ 


The one factor which ordinarily predominates over others in satis- 
fying the eye and the judgment as to the amount of food required, 
which brings on the sense of satiety, which prevents the early recur- 
rence of hunger, is, naturally enough, bulk. Yet it is not bulk, but 
weight and appropriate chemical composition, which determine nutri- 
tive value. The result is that when bulk is especially high or low in 
relation to weight, or when either is due largely to substances edible 
but not nutritious, the uncritical consumer is likely to vary his allow- 
ance widely, without being aware of the fact. To take an illustration 
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from breakfast cereals: In an ordinary tw er mea : 
persons would perhaps agree that an ounce la 
granular, ready-to-serve breakfast food (two ree gen 3 
spoonfuls) would constitute a reasonable whe 3 ( 
of a dry flaked cereal, the same weight w 9 ir " g 
pint measure; could hardly be served in the , . lt. 
able for most cereals, without refilling: 
jected by most persons as being an unduly | a 
that weight would be a more acceptable serving to most. e . 
crepancy in food value between two su servings of 
then, more than 100 per cent. 

Again: In the case of cooked breakfast s. W ‘ ys 
contrast with the more concentrated cereal s its 
form; although the serving of mush or port n 
to five ounces or more, most of that we t 
the cooking, and the amount of dry cereal represent as y is 
perhaps from one half to three quarters of an our 

The appraisal of food values on page 566 
breakfast menus illustrates again the influenc ess 3 | 


butter, sugar) upon food values, as they 
and fuel figures for the second breakfast. 


muffins usually “take more butter” than 


than does cold bread. Here is also illustrated 


value between a watery (cooke 


still further enhanced by the fact that these 


eaten with a smaller amount of cream 
the psychology of serving is interesting; 
possibly eat two eggs for breakfast” wher 
of scrambled egg rather too small; so that 
allow an extra egg or two in making 

cl 


licken presents similar problems; two tw 


ens carved at the table may “ go further” 
not because they furnish more meat (very 


nish less) but because they furnish a greater 


be served. 
But since this “natural instinct ” 


has brought the human species thus f: 


records of history and biology, why should 
its abandonment, even for a moment ? 
To answer this question, let us consider 
1, The preservation and improvement « 


whole, and of its individuals, has come to depend upon very different 
factors from those which governe2 its welf: 
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eggs is plainly to be discerned, will neverth« 










aoes l ind S 

Pr ‘ ryty e } ; 
( { l if 

( re 5 are 
( \ 
ers W I 

; 

ss a one-¢ Y § 4 
I sew ~ 

g “si 
i 
( 

| the 1 

T TY eT { ~ I 
normal appetite 
1 safely thr ( r 
an one now nten r 
these fo ir propos ons 
f t} > hnman nNecie Ic 
) ne numan species as a 





1 ’ . 
ire when the laws o this 














566 THE SCIENTIFIC MONTHLY 


BREAKFAST I 


Weight in Protein, — 
Oz. Grams Calories* 
Cantaloupe (with rind, 16.4 oz.) without rind ......... 6.6 1.4 9 
Corn or wheat porridge (uncooked, 4 oz.), about..... 4.44 1.54 l 
INT NOs TID chcinanabincicvuntniesudndsinmmsdueieses 1.43 1.08 101 
SEIT Gihdalleicthlisheleiphini-tebeistdlanissinkivecmsoaimndiabinadibaidamensatace | 60.50 57 
6.37 2.62 208 
Toast, 3 slices (thin; bread untoasted, 1.48 oz.) ..... 1.10 3.90 | 109 
RE Sa eens 0.50 0.14 10 
1.6 4.04 218 
SA IREINNGL Ti i ncincisantuibasecniitedn wapebauieeibuniiniddiiniies | 1.57 5.90 65 
BOONE, © DORIOOTIE, BO oe ccce 100 veccesescecscessonccoes 0.25 0.07 54 
1.82 5.97 119 
A I UN iis ntvinesentnendeineneitsaihienhdinnin veankaeencoiains 6.35 
Cream, 25 per cent. fat, 14 tablespoonfuls, about...... 1.00 0.76 | 70 
Sugar, 3 level teaspoonfuls or 2 smal] lumps ............ 0.50 56 
7.85 0.76 126 
PIII sssinciccncahiacpdubebbenbbideadtoiminth-cemekees 24.24 14.79 | 764 
BREAKFAST I 
II icnnitidisavancecennaenioeibinisndiiebidebeaeinab eee 5.00 0.98 57 
A, Ser Ne I, GOO cccccccccecsensccdanivnnsieneeate tenes 2.00 1.52 140 
BED cetssnentscnccnssnchenctocenenent sennssecnenedueseessensenenes 1.00 113 
8.00 2.50 310 
Wheat grits of some kind, ready-to-serve................. 1.50 4.81 156 
CORR, TP OT GORE. TOG ecccscvcscncccnccce seccccssescncescceees 2.50 1.90 175 
IEE  elianucensmnecessechotobabinsbinsbidinse deimbetandenssesonesets 0.50 57 
4.5 6.71 388 
a ee eee 3.0 8.25 275 
SN, Se SUID osius seinsiace sasenuneh eebiicens-senkalentesssesee 0.7! 0.21 163 
3.75 8.46 | 438 
Scrambled egg: 
NE, Bib RF BROWN vc ncerscrwsccccccevcncnscesecsesosecoes coe: 2.36 8.85 98 
Milk, 14 tablespoonfuls, about...............csssseesceeeeees 1.25 1.16 24 
BI, Br III cancacanenvonisassccesinrescscsevesesescooes 0.25 0.07 54 
(Cooked weight 3.56 oz. ) 3.86 10.08 | 17¢ 
aii ioe tla ites eel nalin cladininmaeinin aba cenan 7.85 0.76 | 126 
27.96 28.51 1,438 


I i i ale a ak as 


2 These calorie values have been obtained by the use of Atwater or Shermar 
factors, chosen to allow for average losses of food not digested. These factors 
are, 4 calories per gram for proteins and carbohydrates, 9 for fats. 
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inherited instinct were evolved. The “survival of the fittest” involves 


the extermination of what we may charitably denominate “ the others.” 
But the nobler elements of modern human sentiment demand th« 


ytd ae 


tection, not to say the cherishing, of the unfit; who thus survive and 
hand on their legacy of ill adjustment to another generation. F 


more, in these days of the supremacy of certain qualities of gray 


-s matter, such as shrewdness and “business faculty,” and of human 


oh a 


tools, the industria] (non-human) machines, it is far from |] oe the 
case that the man who is muscularly fittest has the best immediate 
chance of survival, even if we leave al! the works of human altruism 
out of consideration. By various means is the inevitable punishment 
for physical degeneration greatly delayed; and so vital a matter as a 
lack of adjustment of fuel or building material to body requirement, in 
i spite of its ultimately more or less serious consequences, may go long 





with little remark. For instance, where in the “state of nature” does 
one find an over-fat animal? The struggle is too keen, to pern 
to survive. Yet the over-fat human is by no means an uncommon 
phenomenon. 

2. Furthermore, the fact that serious and rather common errors 
in nutrition are considered by physicians as important contri 





causes to diseases which usually develop in middle life, and w re- 
sult in long morbidity of insidious development lacking in the sp 
tacular element produced by sudden mortality—this fact of th 

delay of punishment tends to obscure the nature of the error. It is 
true, however, that having accomplished something toward the eon- 
quest of bubonic plague and cholera, typhoid and even tuber sis, we 





are beginning to ask ourselves why it is that certain diseases are so 
constantly on the increase. For answer (in part, at least), it is more 
and more frequently mentioned to us, that overfeeding, that is, feeding 
too much protein, or too much fuel, or both, is often a 
factor of some importance in such cases as th 
bladder infections and inflammations, certain kinds of disturbance 

the circulatory system (e. g., arteriosclerosis, high blood-pressure d 

eases), various infections of skin or mucous membranes (from a com- 


:) 


: mon cold to the most serious eczema cases), and even possibly car 
3. The voluntary muscles, which in the act 
animal in a “state of nature,” use probably 75 per cent. of the fuel 
8 The author does not wish to be understood as making the claim that 
diseases—e. g., gall-stones, Bright’s disease, diabetes, etc.—always, or 
have overeating as a sole or chief cause, even though it is so frequently mer 
tioned as one of the causes. It must be remembered, too, that 





i‘ regarding the relation of diets to disease are still more or less in the controversial 
stage. Moreover, it must not be forgotten that the dangers of under-nutrition 
(especially in persons under 30 years of age) are equally serious with those of 





overeating. 
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which the body requires, have in this last century had their activities 
suppressed and curtailed as never before; this is true not only in seden- 
tary (business or professional) but also in large sections of the indu 
trial classes. We should expect, then, that the traditions, customs, a1 
“instincts” of the frontiersman, the hard-working peasant, the soldi 
who use from 4,000 to 6,000 calories’ worth a day when they can ge 
and need it all, may not necessarily prove a wise guide in the matt 
food consumption, for their descendants, the bookkeeper, the broke1 
skilled artisan, the factory hand, whose requirements are 2,500 to 3,' 
calories a day. Hunger may be diminished by lessening muscular w: 
but appetite is not necessarily so; indeed, it seems that nerve-poiso! 
and heightened irritability resulting from overstrain and unhyg 
indoor living may sometimes unduly heighten (instead of interfe: 
with) the appetite for food ; this is also the case with the other appet 
sensibilities and cravings of a “ nervous” person, in many instances. 

4. The changed condition of food materials due to the excess 
utilization of high concentrates and to the use of artificial flavorings, 
has already been discussed; as has also the inadequacy of an inherit 
instinct satisfied by bulk in the stomach, for limiting the amounts 
these concentrates which should be eaten. 

The discrepancies, then, which are so frequently to be observ 
between food requirement and food consumption, may be explaine 
due in part to present lack of adjustment to recent and enorn 
changes in environment and human activities and in the natur 
foods. It seems quite possible that adaptation of diet to the acti 


of the organism, and other important hygienic measures, may co! 
] 


about, not simply through the slowly accomplished downfall of deg 
erate classes and nations, which history has so often shown us 
neither the rich fruits of shrewd business capacity nor the activities 
the altruistic can ultimately shelter physical deterioration—| 
through the further discovery of the principles of scientific manage- 
ment of the human organism, and through the apprehension of thes 
by the enlightened classes and the consequent practise of them by 
world’s population. Should we, indeed, expect the scientific int 
gence to accomplish so much less striking results in the study of 
structure and conduct of our own machine, than in that of the simp! 
non-living machines? Is it reasonable to assume that the laws of x 
tific feeding which man has already begun to apply with some success 
to other animals, will fail to produce results with the human species 


itself ? 
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THE PSYCHOLOGY OF WAR 
By Dr. D. E. PHI! s 
Y intention is not to discuss the causes 
M the present incomprehensible conflict 
ing nations of the world are each uncons m1 
Neither do I intend to attempt a just 
of the parties now in arms. I s 
vince the public that the forces that mo 
subtle that we are constantly substitut : 
portant causes for the deeper and r 
“ Spencer long ago showed that eve 


ism, is not absent in the lowest savages. 
' 


However, it is not enough to say that 


stincts as old as the race. Many then jump to 1 nel that 1 


is hopelessly doomed to war until t J t Day. O 3 
are, if we properly understand the Judm t | 1) 


organism struggle to live and to live at a st But ‘t 
people really war to live?” Not in this da 7] 
with other impulses. There is an instinct of } icity 1 t 
nearly all people. You explain this in yourself as “1 
tion.” It is all right for us to fight, but never right 
fight. 

: Again, can we not trace everywhere the human im} t 
ment, to adventure, to insatiable achiever t, to de 
There is also the instinct of emulation ely a 


imitation. Perhaps the early forms of en tion are a 


" 
at 


erful forces of envy and jealousy, known to animals and common to all 





mankind. Race hatred is surely an instinct. 

Nearly all individuals and all races have been dominat the 
instinct of revenge. Let even a her 
your friends, and then stand by a1 


ge n 
> WES "se 


d watch the course of 1 It 


is still not unlike savage vengeance. The life of t 
manded on the respectable objective grounds of 
but uppermost in the heart of the offended is vengeance. 1] 


oe wee 


always avenge any wrong done any individual of their group by indis- 
criminate punishment of the whole tribe. This is war. Later, this 
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punishment was, as we see in the Bible, limited to the family of the 
offender. Furthermore, vengeance is one of the most permanent of 
all feelings. It may last for years, and even be instilled in the coming 
generation. But the most remarkable thing is the extent to which 
vengeance passes as justice. Half of our cries for justice on our enemy 
are nothing but vengeance. 

Finally, one more instinct should be mentioned—fear. Fear is the 
stamp of the coward. But the coward that fears to-day may fight to- 
morrow, because continued fear is the worse of the two evils. When 
fear is once turned loose it is cruel beyond measure. When Schiller 
was analyzing the human heart to find the most ungovernable, the most 
“don’t care” emotion of man, he pointed out terror as that emotion. 
Terror is fear gone mad. 

The manifestation of these instincts of economic possession, to have 
and to hold, of pugnacity, of self-elation, of achievement, of imitation, 
of envy, of jealousy, of race hatred, of fear, of vengeance, cooperating 
to the same end, through a few million years, have developed habits and 
customs that carry these forces beyond their aims and continue them 
in operation even when the grounds for operation have disappeared. 
When joined with intelligence, the instincts develop the most powerful 
forces of human society—sentiments of superiority, of egotism, of love 
and hate, of patriotism, of economic dominance or morals, of honor. 
Each age or peoples of the same age, who have developed different sen- 
timents, pronounce damnation on all others. Here, and not in the 
intellect, is the foundation for all the divergent and dogmatic claims 
about justice, right, human welfare, etc. Such interpretations and 
claims are chiefly based consciously or unconsciously upon what the 
individual or nation feels to be of most vital personal interest. 

If any one could make a careful diagnosis of all the forces operating 
in producing the war spirit in the United States to-day, he would find 
every one of these forces at work on the people of our country, even 
down to the contradictory absurdity of imitating Germany. We are 
only dimly conscious of the most powerful forces that move society. 

While war is by all odds the dominant rule with savages and primi- 
tive peoples, there are those who rarely if ever engage in war. It is 
also true that there are other instincts, impulses and sentiments that 
have always been developing in opposition to these forces that make for 
war. To claim that might, and might alone, makes right is certainly 
a one-sided view. It is equally wrong to claim that might has nothing 
to do with making things right. No small part of our international 
laws have been directly or indirectly dictated by the most powerful. 
Truth, honor, justice, beneficence and love of mankind have been devel- 
oped largely through human intelligence, but they are nevertheless 
founded on fundamental instincts, and most generally their interpre- 
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tation and application are mixed with all the instincts connected 








. with war. 

I in no wise minimize the place of intelligence in the mighty march 
of what we call civilization, but it has always followed the lines mapped 
out by instinct, impulse and human sentiments. Why do we not all 
abandon war? Every form of human intelligence is against it. Why 

, do we not abandon our ancient and barbarous system of treating crimi- 
nals? Psychological, biological and sociological sciences are against it. 
Simply because the accumulated forces of opposing instincts and senti- 
. ments are not yet strong enough to overcome the massive accumulation 
on the other side. 
: Such a well-known authority as McDougall, speaking of Central 
Borneo, says in his “Social Psychology ” 

. Villages and tribes live in a state of chronic warfare: all are kept in con- 
stant fear of attack, whole villages are often exterminated. This perpetual war- 
fare seems to be almost wholly and directly due to the uncomplicated operation of 
the instinct of pugnacity. If one asks of an intelligent chief why he keeps up 
this senseless practise of going on the warpath, the best reason he can give is 
that unless he does so, his neighbors will not respect him and his people. How 
shall we begin to understand the prevalence of such a state of affairs, if we re 
gard man as a rational creature guided only by intelligent self-interest, and if 
we neglect to take account of his instincts? And it is not among barbarous or 

; savage peoples only that the instinct of pugnacity works in this way. The his 
{ tory of Christendom is largely the history of devastating wars from which few 
individuals or societies have reaped any immediate benefit, and in the causation 

; of which the instinct of pugnacity has played a leading part. In our own age 
the same instinct makes of Europe an armed camp occupied by twelve million 
: soldiers, the support of whom is a heavy burden on all the peoples; and we see 
; how, more instantly than ever before, a whole nation may be moved by the com- 
; bative instinct—a slight to the flag, or an insulting remark in some foreign 
: newspaper, sends a wave of angry emotion sweeping across the country, and two 
K nations are ready to rush into a war that can not fail to be disastrous to both 
‘ of them. . . . The Germanic tribes were perhaps more pugnacious and possessed 
“= of the military virtues in a higher degree than any other people thet has existed 
3 before or since. They were the most terrible enemies, as Julius Cesar found; 
t they could never be subdued because they fought, not merely to gain any specific 


ends, but because they loved fighting. 


All history affords evidence of this smouldering war-voleano. Hun- 
dreds of individuals said to me on the outbreak of hostilities in Europe 
“Ts it not awful, foolish, unchristian, and barbarous? Surely we could 





never do such an irrational thing.” Since that time most of these 
same people have caught the war fever and believe we should take a 
part in the war. This is simply common psychology. At one time 
cool intelligence speaks, at another strong feelings. The outbreak of 
our own Civil War will illustrate this law. The lions of the north and 
south were fully aroused. Brother was ready to butcher brother in the 
name of justice and right. 










Ministers outraged every form of human 
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intelligence in an effort to justify antagonistic principles and to r 
cile religion to war. 

Out of primitive savage warfare modern militarism has devel 
Until recently political power was inseparable from military | 
In early society all adult males were warriors. The army a1 
community were one. Men had just two ways of getting a livir 
of the soil and out of other men. In primitive society, hunting a : 
warring were joined in one occupation. The war chiefs also 
the political leaders, and even to-day the two are only part 
rated. In many cases, the ruler, knowing the favor and prestige of 
military position, makes sure that he is either the head of th 


that he indirectly controls the army. ‘This is true in our own « 





} ] 
| 


Later, the aeve 


and nations to some kind of union. Failure in the war usually 


opment of intelligence and fear compe! 


in suspicion and hate among the defeated allies, and victory m 
quarrel over the spoils. When the present struggle ends, you y 
ize that this law still holds good. But victory also meant 
of a standing army to guard the possessions. So we have had 
stant union of tribes, peoples and nations against others, wit 
versal development of a standing army. 

Every where the development of a standiz 4 army for defense 
sooner or later passed over into offensive operations. Thirty 
Herbert Spencer pointed out this law with many concrete cases. 


says in his “ Sociology” 


Always a structure assumed for defensive action, available also for offer 
action, tends to initiate it. As in Athens the military and naval orga 
which was developed in coping with a foreign enemy, thereafter began to exer 


cise itself aggressively; as in France the triumphant army of the Re 





formed to resist invasion forthwith became an invader; so is it habitually—s 
it now with ourselves. In China, India, Polynesia, Africa, the East Ih 
Archipelago, reasons, never wanting to the aggressor are given for widenin 
empire; without force if it may be, and with force if needful. . 
The causes for this universal tendency are many. A well-orga 
fighting force always calls for readjustment in other nations, and th 
in turn creates fear, suspicion, and a demand for enlarging our for 
There is no letting go. Soon suspicion deepens into alliances, tl 
into readiness to strike before it is too late. In the meantime every 
power of science is being employed to perfect the system of organiza- 
tion. In the eyes of those employed, this military organization becom 
the nation. Among the many articles in our magazines, from men of 





military and naval prominence, how many can you find that do not 
declare war a necessary evil and tell us that we must not expect it to 
end or even diminish? How insistent are their demands for increas 
of army and navy? This is what we know in psychology as the power 


of apperception. A man who lives constantly in one atmosphere can 
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only interpret everything through that 


to the warrior. It is the same with t ter. 


who justifies his existence as such, with t 


government superior to all others. W \1 
present hour the harsh and brutal a 
tl rs would largely cease if « 
pl e and its pov over huma 
officer can escape the consci il 
ho rol und vict 
minim t as much as you 
s immune to these and « S 
us into war, we have s ’ 
history 
In how far may envy, jealou 
vengeance, etc., creep into our int 
honor, the weak brother, et 


what peace with honor is? Of cor 


+ ] ‘ 
tions t otner pe pies L 
but rarely ever apply the same exa 
] 7 
Casts it S alari noe vo ovserve | 1 1 
nterpretations are the correct ones 1) 
re ite | ‘ ( \ vel ‘ S 
’ 
nto our judgments? I insist 
lior 11T¢ nor the socialist. o the } ’ 
warriors nol the lovers of neace, ¢ t} r 


must be interpreted as insincere or h: 
What is defensive warfare? Well. s 
navy. Suppose Japan allows some of « 


the sea. It is defensive warfare to avenge 


active justice that duty compels us t 
. | l 
geance, jeaiousy, nor race hatred ta ) 
pe ple of India begin to oan u 
it not be easy to de ide that in the nterest of mal . t 


and of the weak brother, we should wa a 
erty? In such events would not ev 
instincts demand a part in our interpreta’ 
moral right, benevolence, human 
warfare? The so-called man of pract 
at our psychology and refuse to recognize the power of 
but that only proves the alarming danger to ch we 
in entering upon the war policy. 
To intimate, as Mr. Garrison and other war 
shall have self-control, that we shall not f y the rule of pass 


defensive to offensive preparedness, is to betray our comm 
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and ignorance of human nature. We do not see that present sent 
ments will gradually give way to others. We do not see how one sti 
calls for another, and yet another. Do we not all boast as to how 
should act if we were millionaires? How shall we best find out what 
we should do under such circumstances? The best way conceiva 

to select a thousand or two who have become millionaires and s 

the majority have done. We shall, in spite of our honest con, 
conceived under present conditions, in all probability act like the peo; 
whom we condemn. 

It would be difficult to find a more clear-cut contradiction bet 
intelligence and feeling than is presented in our consideration of 
paredness. We try to blind ourselves to the fact that such considera 
tions are prompted by all the instincts and feelings that make for | 
everywhere. The most unreasonable and unlikely fears are everyw 
presented as the basis of action. Parallels and analogies of the most 
absurd kind are evidenced everywhere, Everything is done to ar 
sentiment against intelligence. We cry out: “Look at England and 
France! See their fate for not being prepared.” Are we to 
from this that our military preparedness is to go beyond what theirs 
was? Prominent public speakers and magazines compare the intended 


“ 


preparedness to our necessity of police and to “ guarding against bur 


glars.” Suppose other nations so adroitly called us burglars. W: 
should immediately want to defend our honor. Even The Outlo 
goes beyond this and compares it to preparation against fire and to the 
subjugation of the citizen by the state. One writer compares it to tl! 
obedience which a switch produces in children. Are we to be t! 
state with all other nations our obedient subjects? Under the influence 
of such wild analogies the whole nation may become war-mad. 

The fundamental psychological facts are: We have been surprisé 
and our mental peace has been taken from us by the revelations of a 
preparedness so far surpassing ours that we do not see ourselves so 
much of a world power as we had imagined. In spite of our boast of 
moral strength, we repudiate our Christianity and admit that we must 


rely more on physical force than on moral power for our “ place in the 


sun.” It is an interesting panorama of moral contradictions. We can 
not see that such evidences of practical righteousness as the repeal of 
the Panama Canal Tolls Exemption Act will do more to keep us « 
of war than fifty battleships. 

Our pride has been touched, our hate aroused, our jealousy kindl 
our imagination set going. We want to be able to strike, not whe! 
we are invaded (who would wait so long as that?), but when our trad 
is interfered with, when any more citizens are killed on the high seas, 
and to liberate those whom we think outraged by other heartless people 
We want our army and navy to speak in the councils of the world. 
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Six months ago we talked only of defending our ast Now we are 
talking of defending the weak brother and protect ou nor. 
; There is not a man in public life who could not go out and s t some 
: one down on the grounds of an offended honor. All of the y ‘ing 
powers are sincere in believing that they are | ting for justice, honor 
and self-preservation. 
. A congressman said to me the other day: “ How 
defend ourselves when Germany has ns that shoot eighteen 1 
I said: “ Suppose we make guns that shoot twenty miles, and s makes 
guns that shoot thirty miles. Suppose we build ter itt 
: she builds as many, are we any better off? Does it not sir mean 
greater certainty of war and greater destruction when it cor low 
is any one nation to know that she is the best prepared? If lid 
i know that, how is she to know what combinations will ma ivainst 
her? Must we not always expect the weaker ones to combine against 
. the stronger ones?” Alas, the politicians will see none of t 
They are trusting to chance to modify events in the future. They 
look on at the military conditions in Germany with bitter criticism, but 
they can never be made to see that the gradual growth of militarism in 
this country can produce similar strong sentiments for war. They do 
} not see that the very democracy on which they rely to save us from 
the destiny of other nations owes its perpetuation largely to its freedom 
from militarism. 
They will not listen to such sound psychological advice as President 
Butler, of Columbia University, was reported as giving in the N 
York Times for October 18, 1914. He says: 
It is not each nation’s desire for national expression which makes peace im 
3 possible; it is the fact that thus far in the world’s history such desire has been 
bound up with militarism. 
The nation whose frontier bristles with bayonets and with forts is like the 
individual with a magazine pistol in his pocket. Both make for murder. Both 
7 in their hearts really mean murder. 
The world will be better when the nations invite the judgment of their 
neighbors and are influenced by it. 
; If war was such a psychological necessity in the evolution of man, 
. why is it not so still? When the whole male populatior nstituted 
‘ the army, the weak, feeble and cowardly were the ones weeded out. 
; Modern militarism has exactly reversed this process. Our wars leave 
} the race to be replenished from the most unfit. I rac 
A or tribe either annihilated or made slaves of the weaker race. Races 
; are no longer exterminated or enslaved. Modern methods of warfare 
: make war absolutely impoverishing to all parties, even to 1 rs. 
Suppose the Japs should want to take from us the Hawaiian Islands. 
How many lives and how much money are they worth Are t 
worth a single battleship with a thousan 
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} 
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If that is th 


to value life so late as the twentieth century, we may well hope 


and the heartaches of a thousand mothers? @ Way we a 
Huxley’s friendly comet that will wipe this world into non-existence 
The developing instincts and sentiment that were once too wea 
oppose war have been steadily gaining ground. This makes cond 
quite different from what we find in the early history of men. Not! 


} 


has been so much needed to allay hatred and to bring about a pr 
understanding of conditions as a psychological explanation of co1 
in war. Right is a very slippery word, especially when it is appli 
the criticism of others or to those whom we dislike. But you 
“Tave not agreements made some things wrong and others r 
Yes, the first criminal laws of Pennsylvania made twelve crimes 
ishable by death, and at the same time England applied the deat! 
alty to over two hundred offenses. How long will the agreement 
the state to murder criminals driven by circumstances and hers 
their destiny continue to be right? 

I am inclined to think that all our agreements about hay 
humane war are mistakes; because they delude us into believir 
we are civilized and are civilizing war. Such persons should 
humor in the title of an article in The Forum—“Thou Shalt N 
Kill” in War. 

Both history and the study of human nature warrants us in 
as a general law that all the so-called civilized nations will act 
similarly in war under similar circumstances. This is not saying 1 
no nation has any moral superiority; but I do mean to say that 
moral superiority is by no means what we constantly assume it to 
It would be too painful to cite all the historic proofs that con 
mind. How common it is in daily life for us to say: “If I wer 
such and such a one’s place, I should not do so and so.” W1 
really mean is that with our present ideas, judgments and feeli: 
should do so and so. We do not figure on the changes that would c 
over us in these changed conditions. So long as the intellect has 
right-of-way, the lately acquired forms of conduct and character 
individuals and of nations remain comparatively stable. But w! 
the older forms of instinct, custom and passions are aroused th« 
easily set aside. Only those who have studied history from the st 
point of human feelings, as Le Bon has suggested, can understand v 
it means to invade an enemy’s country with bitter hatred in your h¢ 
and with all the brutal instincts that war arouses. Neither do we r 
ize what it means to try to judge where hatred and enmity are involved 
There never was a time when men so much needed to apply some psy- 
chological analysis to their own opinions, beliefs, condemnations 
praise. 

Finally, if war has been backed by a network of instincts and sen- 
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timents, if preparedness only hastens 
psy hologi al remedy r 
‘ I have emphas! ed the fact tl 
t 
tender emotions, humanita 
‘ truth and justice which is 
a fore sition to t : 
I I establis sane as 
tne itt care or ¢ nn 
of punishing criminals. It is 
Ls evel ntellectual eff I 
storm the forts of militaris 
couraging. I admit that the 
| il force has always s ( 


| ? 
choloev knows 1s through t ‘ 
aco we undertook to educa 

rhe liquor interests were a l ed. J 


the result. Whenever we speak aga 


dreamers. I am not delude 
cold facts that the war impulses a 
is no mathematical axiom truer than t ‘ 
the people or of those in authority tl 
for it we shall have it. Shall you or 1 not t 
j 
f going ? 


But let us not be absurd and atte 


the same time receives formal] 
all mankind will always have e1 
’ laugh at such contradictions. 


3. Again, we shall move on with our 


vee 


fected organizations for peace even if 1 


these efforts have amounted to not 


- 
Sia 2 


thrown from without: the masses 


} Samclariee 


and it must come first from democrat tries. ‘J 
does not look for it soon, nor as the r 


ele Ml is, 


dominated by the war spirit. 


Let all the nations abandon their s 


—s 
ot eV; 


ao - 
by tariffs. Let the government take a 





facture munitions only for our ow ' ( 
thousand who, if he speaks from his 
acts, will not say that the only proper ni 


to sell munitions to none of the warring nations L 
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sume that nations are going to attack us. The fortunes of war are 
always staggeringly uncertain. Our military men can give us no 
more assurance of victory twenty years hence with five times our prepa 
ration than they could with just the preparation we now have. Let 

cease to think we must fight—as the savage did—that our neig 


may respect us. Let the religionist stop quibbling and outraging his 





intelligence to find a sanction for war in the teachings of Christ. 
Christian should either frankly admit the fallibility of the teachir 
of Christ or confess that he can not pursue war and at the same 
be a follower of Christ. 

I may not live to see these things come to pass. But milit 
must die or all intelligent thinking men will become discouraged, if 1 





disgusted, with all our boasting about civilization and Christiar 
Sympathy, kindness, self-control, peaceable sacrifice must triumph over 
man’s lower instinctive nature. Those who ring the bell should never 

be discouraged because they can not march in the procession. Be sure 
it will follow. 
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A WORLD PARLIAMENI 


RATING THE SEVERAL SOVEREIGN NATIONS ON A BASIS 
EQUITABLE FOR THE ALLOTMENT OF REPRE 
SENTATIVES TO A WORLD PARLIAMENT 


By HARRY H. LAUGHLIN 


COLD SPRING HARBOR, LONG ISLAND, N Y 


HE ultimate evolution of a World Federation to preserve the inter- 
national peace and to coordinate certain human activities involv- 
ing internationa! intercourse is—howsoever long its coming may be 
delayed—highly probable. But before the several nations of e wW 
actually succeed in organizing such a government they must agre 
an equitable formula as a basis of representation to the legislat : 
In the House of Representatives of the United States Texas has 16 
representatives, Pennsylvania 32, and Arizona 1. This is based upon 
population—the formula agreed upon by the makers of the Constitu- 
tion. The people of the whole United States accept this apportionment 
as a matter of course; but, if an equitable formula had not been agreed 
upon, it is quite certain that quarreling over the one problem of ap- 
portionment would be a cause of discord sufficient to vitiate the purpose 
of the whole Union. All will agree that the general judgment of any 
possible body of alloters, howsoever honest and well informed they 
might be, could not satisfy the constituent members of a federation with 
their allotments nearly so well as such members could be satisfied with 
their respective allotments resulting from a mathematical formul 
worked out in accordance with collected data. 

In the United States the population formula works well, because in 
any given state the average American is about as intelligent, as pros 
perous and as patriotic as in any other state. But among 
of the world there exists, as well as a great range in their participa- 
tion in the world’s work, a wide variability in the proportion-mixture 
of their elements of national greatness. In a constituent conventior 
each nation would, therefore, strive to make its greatest quantitative 
asset a most important factor in apportioning representatives to 
Parliament of Man. Most certainly this difference of 0) 
cerning the proper formula of representation will prove to be 1 first 


great stumbling block to progress in any constituent assen 

intent upon working out a plan for the political organizatior 
world. Small nations will argue that all sovereign 

equally represented; yet equitability, not necessarily equality, is tl 


only just basis of representation in governing bodies generally. When 











































a 











THE SCIENTIFIC MONTHLY 





TABLE I 
ALLOTMENT TO WORLD PARLIAMENT: N L A rs Equit y W 
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Per 


val 


4 























R ie 2 United 8 ‘ 
1. Land area pot l to Ar 13877 69.38 \ 
SUDDpOI! ng cCiviuizZ ll 4 (rer » 51 
of the world’s land, except- 1.5R 1772 48.8 l 
ing the frozen | I the 6. | I é $224 
rid dese es 5 ( Nether! 86 22 
2. Land rea act 7 \ ria-H 2 
supporting civilizati ll 8. | CI " l l 
of the world’s populated 9. | Ital 16 «17.685 
land over which law and 10. Jay » ] 17 
order prevail 10 1] Be 2869 14.347 
5. Total l t 10 12.| B | l 
41. Po " I r 13. | Spai 01803 ) 
of the world’s work ll 14 Argentine R i 702 8 
persons reported as “‘liter- 15. Switzerland l SS6 
ate’’ in cens retur | 16 Swe I bOS 
in other more or less author- 17. Mexice ( 17 
itative estimates 25% 18. Turkey 29 | 4. 
5. Foreign commerce 50 19. Denmar { 
20 «~ Portugal (0 } 
Rule B. 21. Chili 00558 | 2.7 
1. Home territory of sov- 22. Norway 00521 2.6 
ereign nations—full rate. 23. Rumania 00486 2.434 
2. Autonomous colonies Cuba Of 5 | 2.427 
and semi-sovereign coun- Colombia 00403 2.018 
tries—half rate 26 Persia Or 7 1.788 1 
3. Non-autonomous col- 27. Peru 00263 1 7 
onies—quarter rate. 28. Bulgaria 00249 1.2 
4. Each sovereign nation 29. Bolivia 00237 1.18 
to have at least one repre- 30. Venezuela. 00210 1. 
sentative. 31. Uruguay.. 10195 O7t 
5. Colonial and _  semi- 32. | Siam.. .00197 937 
sovereign country evalua- 33. Greece 00175 SS 
tions accredited to the 34. Serbia 00165 828 7 
mother or sponsor country. 35. Equador 00094 A7 
36. Guatemala... 00070 354 
Rule C. 37. Paraguay 00058 294 
1. Total number of repre- 38. Salvador 00057 287 
sentatives: 500. 39. Panama 00050 251 ls 
10. Haiti 00049 .24¢ l 
41. Santo Domingo OO0044 2el 
42. Costa Rica 00038 19 
43. Honduras : 00030 155 
14. Nicaragua 4 00025 128 
45. Montenegro..... .00013 .067 





Note.—This schedule does not include the results of the recent ‘‘B 
Wars’’—nor of course of the present ‘‘Great War.’’ 

The area of the entire world is included under the above 45 sovereig 
The semi-sovereign nations were assessed at half rate and their ratings ac 
to their respective sponsor nations. 

These tables show only the summaries. The full details of the calculations 
are omitted for lack of space. 
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The data for the calculations were taken lara y from ‘‘The Statesman’s 
Year Book.’’ 
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the geographical units of a federation are inhabited by persons of 
nearly equal, howsoever different, average attainments total population 
has proved to be the simplest and fairest basis of apportionment; but t! 

individual human units of the world’s civil units are by no means equa 
f in their participation in the world’s work, hence total population would 
i not be a fair basis of apportionment of legislative voice among nations. 
f To a proposal to make it such China would answer “ Yes”; Holland, I 
U “No.” If foreign commerce were proposed, England, Holland and 
Germany might answer “ Yes”; Italy and Austria-Hungary, in con 

t pany with all of the smaller of the younger nations, would probably 
i say “No.” If area were proposed as the measure, Russia and Brazil 
. would answer “ Yes”; Switzerland and Belgium, “No.” Shall colonies 
give additional weight to the mother country’s allotment? Britain and 
. Holland would answer “ Yes”; Sweden, “ No.” 

Granted that in a constituent assembly each nation would evince a 
genuine willingness to consider all of the elements of national greatness 
possessed by every other nation, nevertheless the tangle would grow, 
and the conference would end in confusion and discord, unless an in 
personal and mathematical formula embodying their notions of justice 
could be found. Why, then, not weight the principal assets of national 
greatness in proportion to their bearing upon the world’s work? The 
United States, in particular, can afford to be conciliatory in the attempt 
to reach an agreement by this road, for its faith in the federal id 
based upon experience, is sincere and clear, and its elements of nationa 
greatness, while quantitatively great, are harmoniously balanced, so that 
almost any just formula would give her about the same percentage of t! 
sum total of the rating of all of the several sovereign nations. 

The accompanying tables, one and two, represent an impartial ¢ 
to rate the nations of the world in national assets, giving due considera- 
tion to those factors which make nations intrinsically great and partici- 
patory in the world’s work. Table three shows the unfairness of : 
depending upon any one single national asset as a basis for rating 
nations for equitable representation in a World Parliament. 

There should be secured from representative men of every profes- 
sion of every nation and colony of the world the formula which each 
man individually considers just and would be willing to see his own 
country subscribe to. These formule should then be worked out in 
apportionment tables with as great accuracy as the obtainable data wil! 
permit. There are now in the United States a number of agencies 
working actively for the promotion of international peace and world ; 
government. Among them are the “Carnegie Endowment for Inter- ; 
f national Peace,” the “ World Peace Foundation,” the “League to En- 
force Peace,” the “ American Peace Society,” the “International Peace 
Forum,” the “American Peace and Arbitration League Inc.,” the 
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TABLE III 


OrHER SCHEMES OF ALLOTMENT TO WorLp |! 








In each case: (1) Five hundred representatives, a Base 
4 of the five national assets which contributed to the allotment « ‘ 
bs Based upon the asset of the home territory only of the sovereign 1 
g adding the ratings of colonies and sponsored countries to their respe 
and sponsor countries as in Tables I. and LI. 
ae | Basis : Total Basis: Tota Basis: Por 
se | Land Area | Land Area pacis Tota) | Par 
“2 | Potentialto| Actually | Population taking of 
tS Sovereign Nation: Home Chetlinatien oils —~ & ' . k 
of Territory Only 
' 34 =: a , > as + « = ue 
na saa] 32 |2| 32 |4| 33 | 3 
1. | Great Britain and 
Saar ee! 7.39115)! 23.00! 7/| 45.12! 4 
2. | United States of 
| America.........--| 81.93) 2185.42; 1] 46.62; 3 90.24; 1 
3. | Germany..........-.-| 5.74/15] 12.72) 7| 32.65) 4) 56.4 
4. | Russia. . 56.12; 3)| 29.60 3) 66.51 2) S84. y 
5. | France ee ee ».70 16] 12.62 8 | 19.96) 8 B84) ¢ 
6. | Netherlands.......... 35 41 .77 | 37 »99'19! 5.64)1 
7. | Austria-Hungary... . 7.19|14/ 15.90) 5) 25.21) ¢ 99.48 5 
\ 8. | China. 42.21 4 2.18 | 10 152.08; 1) 11.28 10 
1 9. Italy | 3.05 25 6.75 16 17.52 9 2 O20) 4 
10. | Japan. 4.83/19] 10.70 12)| 25.73) 5 3.84! 7 
11. | Belgium. iiwhaas .31 42 .70 39 35915 ».64 14 
12. | Brasil.............--| 88.67| 1] 60.95; 2) 10.88/11 6.77 | 11 
13. | Spain cased neces 5.29' 18) 11.70 11 9.89/12) 16.9 ) 
14. | Argentine Republic...| 31.28 5) 15.24) 6 5416 9 | 17 
15. | Switzerland... . 44 | 39 97 34 1.85 | 25 95/16 
16. | Sweden... . ~eeee+| 4.76) 20! 10.54/14 2.78 | 20 5.67 | 12 
le LA ac cccccsccccal sees 6) BAR 4 6.90 | 13 4.511 
Oo: are 20.91/| 7 2.19 9/| 12.08, 10; 3.38/18 
BF RNR s os vc cvcces 42 | 40 | 91 | 35 1.31/30; 2.26/19 
ee .95 | 33 2.09 26 2.36 | 21 2.26 26 
is PEM ecceaueesseccesst Mae 5.49 22 1.68 26 1.13 24 
23. | Nowway.....cccccce-| 8.43/22 6.62 17 21 l 2.26 | 21 
Tk De cccccccesset BAIEe 3.09 23 3.48 | 17 2.26 | 22 
i Cais ce eeues re 1.21 31 2.44 | 24 1.09 32 63 | 29 
25. | Colombia............| 11.98/11] 10.67/13) 2.20/23] 1.13/25 
> BO. | PUBMB. . cc ccccccccces) 16.78)i 9] 6.10/18) 4.82) 14 34 
; ie Re ccanesnecosccccl Sees OL G4S01S 2.28 | 22 1.1 6 
28. | Bulgaria............-| 1.04/32] 2.32/25/] 2.17/24 1.69 
29. | Bolivia..............| 16.68/10] 6.10/19 .93 | 35 56 | 30 
30. | Venesuela.........../ 10.85/12 6.10 20 1.36 | 27 56 | 31 
31. | Uruguay.......... 1.98 | 26 1.83 | 27 56 | 38 29 | 36 
5 Se BR os cnewnes 5.37 | 17 1.83 28 3.17 18 23 | 3” 
3 Ee .69 | 35 1.52 | 29 1.34 | 29 1.13 | 27 
CN dic cena ounee 52 36 1.14 32 1.36 25 79 | 28 
P 35. | Equador.............| 3.20/24] 1.22/30 65 | 36 ; 
2 36. | Guatemala...........| 1.33/29 73/38) 1.01/34 6 | 32 
n 37. | Paraguay............| 4.72/21 1.07 33 32 39 17 | 4 
- 38. | Salvador........... .20 | 44 18 45 57 | 37 1/34 
4 o> | POMOMEB. oc cccccccces 86 34 1.21 31 23 42 2 8 
f 40. | Haiti bane .27 | 43 43 42 1.03 | 3 2 ) 
{ 41. | Santo Domingo... 48 38 91 | 36 31 40 11 | 42 
} 42. | Costa Rica....... .50 | 37 A3 43 19 | 44 11 | 43 
] 43. | Honduras.......... 1.27 30 A9 40 25 43 17 | 41 
i 44. | Nicaragua......... 1.36 28 AQ 41 21 | 42 11/44 
: 45. | Montenegro 10 45 22 | 44 13/4 11 | 46 
: 500.00 500.00 ”) { 
- . _ 
: Note.—The home territories of the sovereign nations of the world 
35.10% of the world’s total area potential to supporting 
52.87% of the world’s total area actually supporting liza 
61.72% of the world’s total population. 
\ 92.47% of the total population partaking of the world’s work. 
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“ American Society for the Judicial Settlement of International 


the “ New York Peace Society,” the “ Woman’s Peace Par 


and the “ League for World Peace.” 


less have their own programs of work, it is hereby proposed that 


consider the desirability and the feasibility 


out a large number of apportionment formule. The value of a vol 


of 5,000 such tables properly classified and 


¢ 


of the next Hague Conference would be very great. Thus syster 


te 
canvassing and careful mathematical tabulation as well as « 
tional propaganda would 


’ 
lirect e 


promote world federation. 


Although most of them do 
of collecting and wor] 
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OUR DUTY TO THE FUTURE 


By C. E. VAIL, M.A 


ASSOCIATE PROFESSOR OF CHEMISTRY, COLORADO AGRICULTURAL COLLEGE 


_ a certain western city a prominent portrait photographer has for 

many years used the slogan, “ Preserve the Present for the Fu- 
ture.” While his chief work, naturally, has been the preservation of 
the likeness of human beings, his advertising contains an appeal to the 
sentiment of his patrons that might well be the sentiment of all of us 
toward every worthy product of human endeavor. 


There may be found in this slogan the germ of an idea that appears 


o have been given but slight consideration in our present age of hurry 
to | I but 
and worry, hustle and bustle, strain and stress. This idea may be ex- 
nd worry, hustle and bustle, strain and str I l 

pressed broadly as the desirability of making some definite effort to 
preserve our present-day knowledge, along with the best products of 


man’s hand and brain, in a form that will endure as long as the Pyra 
mids, or even much longer. With our present scientific knowledge and 
spirit, the glories of this age ought to be recorded and made intelligible 
to posterity in a manner that could be equalled -or surpassed only: by 
posterity. There should be a concerted effort and aim of living civilized 
men to preserve a representative portion of the present for the future. 

There are probably few men in the scientific world who do not think 
it well worth while, and even necessary, to take an interest in some 


] 


branch or branches of science outside of their own specialties. One 


may go even further and say that many s ientific men take more or less 
interest in all sciences. While it may be nothing more than a guess, 
yet it may be stated as a probability that the majority of the readers of 


THE Screntiric MONTHLY belong to this latter class. If this is true, 
or even half true, it may be assumed that this article is addressed to a 
considerable number of men who are interested to a greater or less 
degree in the fascinating science of archeology 

The ephemeral, transient character of most of the present works 
and products of man is readily noted. What bearing will this fact have 
upon the future? Any person who is familiar with the work of the 
many enthusiastic, patient and long-suffering archeologists of the last 
sixty years will recall the problems and difficulties which have harassed 
these workers. While many most interesting and noteworthy discov 


eries have been made, they have cost much money, time and labor, and 
the best years of many worthy men. Let us ask ourselves if it is right 
that we, with our costly experiences in attaining what is at best but an 
imperfect knowledge of ancient civilizations, should be indifferent as to 
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the records we leave, or the lack of them. 
the archeologists of the future will find it proportionately as difficult 
obtain an accurate knowledge of our present civilization as our pres 
archeologists have found it to learn about the past? It may be w 
while to consider what our duty is in this respect to posterity. 

In this discussion we may find it convenient to indicate the n 
products of man’s hand and brain, that have at present a permanent 


} 


‘works.” Those of the past might be referred t 


‘ 


recorded form, as 


lectively as “ancient works.” Before we proceed further in our arg 


ment, it might be well to examine the modes in which the works of 1 
may be or have been destroyed. And by destruction we mean tl 


of ruin in which we have found many ancient works, as well as the utter 


ruin which leaves practically no trace or residue. 


Is there not a possibility tha 


Most of the natural forces that appear to have accomplished the ruir 


of ancient works can be considered as being just as effective now as t 
have ever been. Possibly we should still consider man as an inter 
tionally destructive agent, present world conditions being so clos 
analogous to those of the past. 

The first natural agent that probably most readily suggests itsel 
vulcanism, with its accompanying or brother calamity, earthquake. Or 


scarcely needs to enlarge upon the series of disasters of this character 


that have occurred within historic times. Nearly every year we st 
find that earthquakes and volcanic eruptions occasion great damage 
loss of life somewhere on the earth. If a building is to withstand eart 
quake, it must be exceptionally well built, and its site and foundati 
prepared with some care. Or, on the other hand, the buildings hav 
be, like those in Japan, constructed of materials that may be destr 
by other agents, if not by earthquake. Vulcanism may be terrib!) 
structive in several ways. One is by the burial of cities beneath g1 
quantities of volcanic “ ash,” sand, lapilli, etc., as at Pompeii; anot! 


+ 


by the flow of hot lava over and through the works of man; still another 


+ 
at 


by the swift discharge of large volumes of hot and poisonous gases, as 
St. Pierre. One might almost say that more ancient ruins were caus 
by earthquake and vulcanism than by any other natural means. 
Considering wind, water and fire, one may readily recall the |! 
effects of these natural agents upon ancient works. Violent winds 
tornadoes have doubtless visited man’s habitations in the past as th 
have in modern times, and in their effects have been as destructiv: 
certain structures as fire or earthquake. The Deluge of Biblical 
tory seems to have been something more than a mere tale. Ever 


legendary continent of Atlantis may have existed as a large island 


} 


] 


archipelago, finally destroyed by tidal waves and seismic disturbances. 
Floods and deluges are prominent in the folk-lore of peoples over 
nearly the whole earth. We moderns have had experiences with floods, 


tidal waves, and the like, which have shown us the destructive power 
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water, and its sudden and unexpected attacks. The past has wit- 
nessed many an ancient work ruined or damaged by v r, and here 
also the hand of nature was seen more often than tha * mar On 
the other hand, destruction by fire has doubtless bee ned n 
more often by man than by nature. Whether start 

design, fire has ever been a terror to all peoples. While ma nelent 
works were of a character to remain to a large ey 

fire, yet some of the things most desirable for us t nown it 
were utterly lost, being readily combustible. It is certair fortunate 
for us that such a large number of written records were made on st 
clay or metal instead of on so combustible a substance as 1 rus. 


What would we not now give for manuscripts long since destroyed, as 
those in the famous library at Alexandria, or the Aztec writings burned 
by fanatical Spaniards ? We are able to see, 1 n, how these agents, 
the primitive elements, air, water and fire, have affected man’s w 

in the past, and what may be expected of them in the future. 

Still other natural forces deserve our attention. Among the n 
prominent of these are the two extremes, clacial and desert « litions 
The destructive action of ice and snow is to be seen somewhere almost 
every season on a relatively small scale. But what of a frigid epoch 
like that of the Pleistocene when half a continent was covered with im- 
mense ice sheets? We only have to be reminded that in those times the 
destruction of nature’s own works was enormous, in order to r e 
what might have happened to ancient works, and what may yet happen 
to our own works of to-day. Whether acting as glacier, iceberg or floe, 
ice must be reckoned with as a possible natural agent in destroying the 
so-called “ imperishable ” habitations and monuments of mat And 
with ice we must put the avalanche, a swifter but less powerful all 
One might also speak here of landslides, an agent of destruction 
is not at all unfamiliar in many parts of the wor 

The desert areas of the globe afford us some excellent examples of 
the effect of torrid and arid conditions upon man’s works. The des 
are quite frequently areas of violent.atmospheric disturbances with al- 
most an entire lack of precipitation and consequent dearth of vegeta- 
tion. The soil is sand, or alkali, or a mixtur these, and the w 
keep the small dry particles in almost constant motion. R r- 
faces are soon cut, etched, and eroded to ar nishing di 
force of nature’s sand-blast. Is it surprising that there are but few 
inhabitants, and these mostly nomadic, in the d places? Yet 
the sites of several present desert regions there flourished in an 
times civilized peoples whose only relics t t ren n to . ea few 
ruins of stone buildings, a few mummies, some specimens of potter 
and a few metallic ornaments. The present Sahara desert was in 
recent geologic times the home of animals that subsisted upon abun 
dant vegetation. The Desert of Gobi has overt 
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coast of Peru, possibly as rainless a region as may be found, has 


beneath its sands the remains of a people of unknown antiquity. The 


remarkable ancient city of Petra is situated in a peculiar many-col 


rock-walled valley in the midst of a desert. It was wholly lost to the 


world for over a thousand years. On our own Atlantic coast, and els 
where, we can readily follow the sand dunes as they travel inla: 
burying and destroying forests and villages. The known work of 
wind, aided by sand, especially in a rainless, tropical region, sugg 
a natural agent of destruction—an enemy of man’s handicraft 
may be expected to certainly overtake and destroy, somewhere, s 
time, the objects of art and culture that modern man has so caref 
and painfully constructed. 

Finally, we might make mention of the part man has taken in 
complishing the destruction of the works of his brother. War, disease, 
pestilence, the torch, starvation, and like allies of savage man, 
wrought great destruction of material things, either directly or indi- 
rectly. The effects of fire have been referred to. War, hand in hi 
with disease and starvation, has leveled and depopulated many a city 
and country, and most often the victors in war have removed thi 
loot and carried off their slaves, leaving the works of the vanquis 
people to lie uncared for and in ruins. Sometimes the fortunes w 
reversed, where a race or tribe of people who had been taken captive 
eventually carried out a successful rebellion, returned to the sites 
their former cities, conquered or drove away any foreign race, and | 
their cities anew. In the course of time these cities were cast down 
ruins once more. 

Innumerable questions arise in the tracing of the fortunes 
many peoples whom we moderns know only by the ruins and relics w 
have found. When we inquire into the reasons for the disappearar 
of a people, or the discontinuance of their civilizations, we can 1 
always be sure that the proper agent or agents have been selected, si! 
in the end the effects of several different agents may be so similar 
Who were the Mound Builders, the Cliff Dwellers, the Toltecs, 
Mayas, the Pre-Incas, the Cambodians, the mysterious dwellers 
Easter Island? What was the origin of each of these peoples? [1 
most cases we do not even know when or why they disappeared, muc! 
less their history. Were they exterminated or forced to migrate 
natural agents, or by a conquering race? Have their works fallen 


f 


decay as a result of nature’s behavior, or has nature been assisted 
the hand of man? Doubtless, these and all similar questions will be 
fully and definitely answered sometime. But are we to wait until that 
time arrives before we are moved to consider the history of these ar 
all such races, and learn one of the most serious lessons such consid 


tion has to teach us? 


of the ancients, of which little remains but a few ruined walls. The 
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Our present-day museums contain many wonderful, curious, it 
structive and interesting objects. The museum is a real tol edu- 
cation, and the vast amount of labor and money spent on these treasure 
houses of art, history, science and industry has been in most instances 
well spent. Further, the value of the exhibits and R is 7 
creased with the passage of time. In fact, it is almost axiomatic that 
the further we become removed in time from the moment of its fash- 
ioning the more valuable an object becomes. In but few instances, 
however, can we be said to be taking definite action to “ preserve the 
present for the future.” We have by great diligence acquired som 
knowledge of man as he lived before our time, with some of his relics, 


monuments and works of art. We take great pains to transport and 


preserve Egyptian obelisks and tombs, Babylonian inscriptions, Azte 
gods, and even Libby prisons and presidential birthplaces. What the 
future of these? Will the coming generations fail to receive or acquire 
an interest in these things equal to our own? It would seem probable 
that there will be men five or ten centuries hence who will have an in- 
terest in not only their own national history, but also that of peoples 


who seem ancient or semi-ancient to us. It would seem that on 
to the future lies in not only preserving our own present-day relics, 
also in leaving some adequate and authentic account of our own times 
with such illustrative material as may be considered necessary or de- 
sirable. 

It seems almost needless to point out that we ought to be beyond 
leaving our records and relics to the future in any indefinite or hap- 
hazard manner. Yet if we ask ourselves what we have done or are 


doing to safeguard our historical treasures and works of art, what 
answer is to be found? Have we taken into account the possibilities ? 


Suppose this country should be visited by some unprecedented and 
widespread series of disasters, originated by the forces of nature 

what would be left? What is there that we now have that could witl 
stand carthquake, vulcanism, tornado, tidal wave, fire, ice or sand 


dune? Suppose our museums and monuments escape one or several 


of these destructive agents, are they able to withstand all? What is 
there that we may really call permanent, that we may set up to defy 
all the forces of nature until the next geologic era? 

Let us see if among the present known materials there mav be 
found one that we may call the ideally resistant material. The rocks 
of the earth’s surface have alwavs appealed to man as the verv essence 
of endurance, changelessness and permanence. In the stone age man 


learned that some rocks were very hard, dense and durable; that others 
were soft or brittle; that some rocks could be shaped by using pieces of 
harder ones, and polished by the powder of others; that some were 
adapted to the fashioning of weapons and implements. idols. inscrip- 


tions, and ornamental designs; that rocks resisted fire 




















































590 THE SCIENTIFIC MONTHLY 


1 


and afforded a shelter from heat, cold and storm, and a barrier to e1 
mies. While man has since learned the manufacture and uses of 
materials, he still seems to place his greatest faith in stone as a m 
of combining dignity, utility and permanence. The most famous 
nearly the most ancient stone monuments are the Pyramids of E¢ 
They have endured so long as to seem almost indestructible. But 

the climatic conditions be altered to correspond with central Africa, : 
even the interior of the Sahara, and the Pyramids would be mu 

able to resist the forces of nature; their period of duration wou 
greatly shortened. Earthquake is perhaps the greatest destr 
structures in stone, yet man has learned how to build, if he will, so 
to withstand even violent earthquake shocks, as evidenced by the won- 
derful mortarless masonry of the Incas, in Peru, a land that cert 
can not be said to be free of the peril of earthquake. Reinforced 
crete is probabiy the best modern material that might be used to wi 
stand earthquake shocks. The concrete work at Panama, a region that 


b od > 
Lora s iln- 


has seen considerable seismic disturbance, will probably af 
formation as to its stability in due time. 

It might be remarked in this connection that reinforced concrete 
seems to suffer but little from the effects of fire, unless the heat 
exceptionally intense and prolonged. Many rocks, however, do not 
the ordeal of fire without becoming thereby more readily attack 
weathering agents. Granite, marble, limestone and sandstone, fi 
the most used building stones, endure heat rather unequally. B 
marble and limestone are decomposed by heating, passing into ordi! 
lime. Digressing for a moment to the use of marble in ancient 
we are frequently struck by the lack of foresight, or of knowledge, 
the ancient as well as medieval and some modern sculptors in choosing 
marble as the final expression of their art. Pure white marble is un- 
doubtedly beautiful; but, supposing some vandal desires to satisfy his 
appetite for destruction by pulling down marble statues, shattering » 
them by blows, or forever destroying them by fire? Modern artists 
never cease grieving over the incompleteness of many of the an 
masterpieces, known to us only in a fragmental or damaged condit 

Granite and sandstone may successfully withstand earthquake 
fire, but they, as well as less stable rocks, can not be entirely free of the 
effect of vulcanism. The well-known effect of molten lava upon sand- 
stone, changing it to quartzite, would be the final chapter in the | | 
tory of an edifice of sandstone, overtaken by a lava flood. And in the ; 
case of either granite or sandstone, a lava flood would so fill and s 
round and alter the structure that it would be as good as lost forever 
The earthquake and volcano belts of the earth have been carefull: 
traced and defined, and are found to be practically identical in posi- 
tion. The association of earthquakes with volcanoes is very striking; 
but are we quite certain that these belts will always remain as they 
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are? Is there not a possibility of their shifting, ver 


haps, but nevertheless with a distinct movement, not 


or tenth century? The question is one that can not bi 


; 


The belts will doubtless move together, but an W 
portion of the earth’s crust will be forever free eal 
canism ? 

} } 


Man seems to delight in building his cities as 1 


possible. Witness the manner in which the peoples 
ranean insist on staying by their volcanoes, and rel 


tered cities. 
the risk, with other coast cities, of being destroved 
sibly several times, by earthquake? The arche 


may find several buried cities on the present site of 


man insists on living at that point as the Pacific coast 


1 


broader, and the Sierras rise higher to the a 


bered quakings and tremblings. 


But even though stone, the favorite building mate 


} 


toric times, is able to survive or be spared the effect 
fire, vuleanism and flood, it is still subject to final an 


tegration through the slow but continued action of the 


] 


rain, frost, the gases of the air, and even the humblest living 


combine to overthrow that which man has erected, and which may have 


withstood all other destructive agents. In this respect 
as unstable as the other varieties of building stones 


coarser the grains in a granite rock, the more easily 


It is readily split or fractured by frost, by trees, and 


of the sun. Limestones and marbles are slowly dissolved 
dioxide in rain and in percolating waters. If in c 


and vegetation, a similar effect is observed, due to 


Sandstones may resist the effect of frost, rain, and carbon 


{v no 


succumb at once to the chiseling effect of sand part 


wind. Running water is often more active than win 


disintegrating and pulverizing rocks; while a 
bodily whatever comes in its path, or rides over it and 
finest powder. After reviewing thus the effects of 


structive agents upon stone, to put our faith in st 


Taking an example at home, may not San 


TY 
i 

ria 
— ¢ 


we 


tion to our treasures of the past and present would seen 


several objections. 
Next to stone, we find man has discovered and pla 


certain substances which he has learned to call metals. 


} . 


time we may be said to be living in the age of steel] 
important metal as it is the most useful and most 

is the cheapest and is most readily obtained in larg 
iron is the most perishable of all metals. 1 
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all our iron and steel objects. To avoid rust has been the aim of man 
ever since he discovered iron and its uses. When quite pure, the rust- 
ing of iron is greatly retarded, but it is scarcely possible to indefinitely 
defend even pure iron against rust. Fire, sea-water, and ice, as well as 
the weather, could destroy a structure of iron in the course of tin 
and even in much less time than it would take the same agents to de- 
stroy a structure of stone. When properly imbedded in concrete, how- 
ever, iron or steel not only adds greatly to the strength of the concrete, 
but is very much less liable to rust, owing to the protective effect of 
cement. 

If iron is of doubtful permanence, will other metals or alloys serve 
better? Undoubtedly some of them might, to a certain degree. Bronz 
is surely very resistant to the weather, as are its components, copper 
and tin. These, however, could be readily melted in a fire, as could 
zinc, aluminum and lead. Gold and silver are even more resistant to 
corrosion and high temperatures, but their cost prevents their extensive 
use. The same is true of platinum, tungsten, vanadium and still rarer 
metals. We can scarcely choose a single metal that will serve as an 
ideally resistant agent or material and at the same time be of pra 
tical use. 

Clay products often appeal to us as having singular powers of r 
sistance to certain destructive agents, but in all cases such products 
are found to have some fatal weakness. While quite resistant to the 
weather, and to a certain degree of heat, yet severe weather conditions 
or intense heat may destroy them. In most cases the practicable forms 
of these products are brittle, and for that reason are readily damaged. 
Ancient inscriptions in clay have been preserved for a very long time, 
and are of great interest and importance in archeology, but we should 
remember that the destructive agents directed against them did not 
include severe weather conditions nor high temperatures. 

Possibly the most resistant mineral substances that appeal to modern 
man are asbestos and its allied minerals, talc, steatite and serpentine. 
These lend themselves readily to the shaping of numerous articles, 
Asbestos in particular is very familiar to us in its uses as a fire-proofing 
material and non-conductor of heat. Softness and brittleness, however, 
are objectionable properties of most products from these minerals, just 
as brittleness is a characteristic weakness of kaolinite or clay products. 

Glass, while hard and resistant to the weather, is too readily injured 
by high temperatures, and is too brittle to give us much hope in our 
search for an ideally resistant material. While glass is of enormous 
importance in our modern civilization, it seems probable that most of 
it will remain in its present forms only under quite favorable conditions. 

If the substances so far discussed are unsuitable for the purpose of 
perpetuating or safeguarding our records and relics of ancient and 
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modern times, the natural query is, “In what way or ways 

preserve the present for the future?” Most of our historical, 

tific, religious, social, political and other kinds of documents are com- 

posed of flimsy and combustible materials, on which it is easy to almost 

completely and permanently obliterate or efface the written 

record. The bulk of our modern paper is less permanent t 

made two and three hundred years ago, or even the papyrus of the 

ancients. Yet we entrust our most precious records to the surface of 
substance that can not be expected to endure two thousand 

under the most favorable conditions. Photographs might be 


preserved in the form of the original glass plate, or a not ibu 
film. or best of all, as a half-tone or similar met: allic engraving. The 


photographic print, or the print from an engraving is ial as 
perishable as the paper on which it is made. History, art, literature, 
science, and written knowledge as a whole, may be transmitted to pos- 
terity in the form of copies, if necessary, using the proper measures to 
ensure authenticity as well as safety in preserving and protecting such 
copies until they are to be recopied or rewritten. But what of the 
originals of many historic documents, photographs, and the like? Will 
not these relics be of greater interest and value if they, and not mere 
copies, are preserved for the future? Copies of certain things, par- 
ticularly works of art, are not always desirable, nor can these things 
always be copied to the best advantage. We may admire and cheris 

beautiful and costly mural paintings and other decorations, but can we 
be certain that the buildings containing them will escape complete de- 
struction? The beautiful Library of Congress could be hopelessly 
ruined by a few well-directed bombs from a fleet of hostile airships, 
if not by the shells from some long range naval gun. Could its art 
treasures, not to speak of other kinds, be successfully restored? What 
would happen to the National Museum, and the museums, libraries, 
and art galleries of our coast cities in case of war and sudden attack? 
Have we any adequate or efficient means of preserving the products of 
man’s genius and inventive skill? What machines could withstand the 
destructive agents cited? Do these questions concern us, or do they 
not? 

Several years ago Mr. Percival Lowell wrote as follows: 


One reflection well worth our thought the pyramids suggest: the enduring 
character of the past beside the ephemeralness of our day. We build for the 
moment; they built monumentally. True we have printing which they had not. 
But libraries are not lasting. Fire, accidental or purposive, has destroyed the 
greater part of the learning of the far past and promises to do so with what we 
write now; and what escapes the fire mold may claim. Only that idea which is 
materially most effectively clothed can withstand for long the gnawing disin- 


1 Popular Science Monthly, Vol. 80, p. 460 (1912 
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tegration of time. The astronomic thought of the pyramid-builders liv: 


to-day; where will record of ours be, I wonder, five thousand years hence. 






may be quoted indeed with ever-increasing inaccuracy of 


description. 








What answer can we make to this? Our nation has endured ar 
qi prospered for one hundred and forty years. There are reasons 


i supposing that it will endure for another century, or two or tl 






ti or ten centuries. But nature will not be idle all this time. She m 
























y slowly, it may be, but nevertheless most surely. Is there not somethi1 
that we, who are living here and now, can do to add to the good nar 
which we all sincerely wish, as the United States of America, to leave 
to posterity ? 

We are greatly concerned in the topic of preparedness, for war or 





for peace, according to the way in which we recognize our individua 
duties and interpret our national needs. Is it wholly out of place 1 
suggest that we also prepare for the contest which the objects we hav 
fashioned and which we have held to be worthy must make with Moth 

Nature? Why should we stop at one thousand or five thousand years 
as the limit of our responsibility? What of us and our descendants 
ten—twenty—fifty—one hundred thousand years from now? If mar 
is still man, will he not then have as great an interest in his antiquit 

as we have in ours? Knowing the conditions with which our present 
students of archeology have to contend, are we to take no thought of 
the possible problems of the future? The ancient monarchs who rul 

flourishing empires thousands of years before our time have in man} 





cases done us an inestimable service in causing their names and de 
to be inscribed in the most durable form known to their art. Are w 
to make no use of our superior knowledge in preserving for the future, 
not only our collections of antiquities, but an adequate record of our 
own national progress and current thought? 

If it may be assumed that there is a modicum of agreement on thy 
proposition of preserving the present for the future, we may naturall; 
begin to inquire, what is to be done, and how shall it be done? Th 
first question raises another of much greater scope, namely, what shal! 
be selected, in case a move is made to preserve definite things for th 
benefit of future antiquarians? Possibly this question could best | 
settled by a commission, appointed by and under the direction of the 
federal government, sufficiently large and representative to bring fort! 

all sorts of views on the problem. The work of such a commissior 
would doubtless include discussions, decisions, and investigations con- 
cerning the worth and claims of the thousands of things that would |! 

suggested on every hand. It is true that thousands of corner-stones of 
public buildings all over the country contain a record of a certain ki 

But how adequate would such records be? We have in the corner- 
stone custom a primitive attempt at leaving some sort of record for th 
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OUR DUTY TO THE FUTURE 


future, in which we are outdone many times over by the customs of 
the ancient dwellers of Egypt and Babylon. We may have Ha 
Fame, and galleries of statues, but they are necessarily somewhat too 
exclusive and intangible to satisfy the desires of the arch 

the future. We might emulate the enterprise shown abroad in pre- 
serving phonograph records of living orators, singers, a1 nstrume 
talists. But why stop there? Our modes of recor t 
noteworthy events seem to be at the height of perfection, a1 t 
preservation of photographs, moving-picture films, as w : 

of our leading national figures is to add to the future an untold wealth 
of interest in us and what we have done, together with a better under- 
standing. The selection, then, of that which we ought to make an 


especial effort to preserve would probably be based upon the relation 
of the objects and records to the history, progress, cuiture al 1 hfe o 


the nation asa whole. That the project should be financed and carried 
out by the federal government will probably be agreed to by all. 

As a secondary function of our hypothetical commission there re 
mains the necessity of determining how we shall go about it to 
serve these things, once they have been chosen. Our review of 


structive agents, noting what they have done and still may do, as wel 
as the consideration of the amount of resistance to these agents pos 
sessed by our present materials, causes us to confront the problem with 


some degree of anxiety, since no one of the materials known to man 


will serve for all the requirements of the problem’s solution. This 
phase of the movement would likewise need careful thought and dis- 
cussion, and it would probably be found that only a combination of 
materials would satisfy the requirements. 

To paraphrase a well-known quotation, we can not predict in what 
century the “New Zealander will gaze on the ruins of Brooklyn 
Bridge.” Nor can we say at what moment the hand of the invader 
will be stretched out to destroy or snatch away our treasures. It 
true that in time of war, or under threat of ruin by fire, earthquake, 
glacier or voleano, we could remove a portion of our works of art, our 
relics of state, and our rarest collections to some safer quarter of the 
country. But would such a move be final or satisfactory? When the 
Washington monument and Grant’s tomb are but rocky ruins in a 
watery waste, what will have become of the lesser works of the nation 
that erected these tributes to the memory of two of their most illustrious 
men? Let us determine that what we do leave shall be as well pre- 
served as the remains of the trilobites of fifty million years ago, and 
that our mode of preservation shall contain less of accident and more 
of thoughtful design. Looking forward. can we see this as a portior 
of our duty to the future? If we can, let us set about the fulfilment 
of our duty, as becomes true Americans. 












a no 


=e 


oe ne = 





















THE SCIENTIFIC MONTHLY 


THE FAVORITE NUMBER OF THE ZUNI 


By ELSIE CLEWS PARSONS 


LENOX, MASS. 


I the briefest acquaintance with Zuii custom and tradition one is 
struck by the prominence of the numeral four, by its in fact ob- 
sessive character. It was on the first day of a recent visit to Zuii I 
began to notice it. I had happened on the last of the summer so 
called rain dances—the kokokshi. In the forelocks of the male figures 
in the dance were four yellow feathers, the bead work on the heel band 
of their moccasins represented the four-armed cross, their dance had 
to be repeated four times, I was told, in four plazas of the pueblo. Ac- 
companying the dance or, so to speak, during its interstices, the 
koyemsht fooled about, and those antic figures the Americans cal! 
“ Mudheads” numbered ten; but in their formal exit from the sacred 
plaza the koyemshi marching two by two divided into two slightly 
spaced sets, four in the first, six in the second. As I learned later, six 
and ten also play special réles in Zuni numeration, but they are, it is 
fair to say, quite minor réles. As for eight and twelve, they figure too 
but they figure as multiples of four.’ 

It would be tedious, if not impossible, to review the réle of four in 
all the vast range of Zui ceremonial or mythology.? Let me give but 
a cross section of it, as it were, as it appeared to me in connection with 
the special subjects I was engaged in studying—the crisis ceremonial! 
of Zuni life, Zuni beliefs and practises in connection with birth and 
growth and death. 

I begin, remote as it may seem, with a rabbit hunt. But the 
quadrennial sacred rabbit hunt, the hunt with the koko or gods, is in 
an important part a phallic rite. Upon its proper performance and 
the correct stage-managing of the Chakwena, the Rabbit Huntress, 
depend the plentifulness of rabbits and of humans. Four days before 

1 For example, formerly after killing a Navaho all members of the expedi- 
tion party were ‘‘sacred,’’ i. e., called upon to plant prayer plumes and pre 
cluded from sexual intercourse four days, but the actual slayer was sacred eight 
days, four days for the slain man, four days for himself, and the priest of the 
Bow was sacred twelve days, four days for the slain, four for A’hajuta, the 
elder war god, and four for himself. 

2I may refer passim to Cushing, F. H., ‘‘Zufii Creation Myths,’’ XIII. 
(1891-2), Ann. Rep. Bur. Amer. Ethnol.; Ib., ‘‘Zuiii Folk Tales,’’ New York, 
1901; Stevenson, M. C., ‘‘The Zufii Indians,’’ XXIII. (1901-2), Ann. Rep. 
Bur. Amer. Ethn. For the prominence of the same numeral among the Hopi, 
see Fewkes, J. W., ‘‘The Ceremonial Circuit among the Village Indians,’’ J. 
Amer. Folk-Lore, V. (1892), 39-41. 

































Corre | 




















eS 





THE FAVORITE NUMBER OF THE ZUNI 597 


the time set for the hunt a single rabbit is killed and its blood smeared 
on the legs of the Chakwena—to be rubbed off in the hunt against the 
plants she brushes through. For failure to catch a rabbit in the chase, 
four times a man or a 
leg. Four times the rabbits are run out from the surrounded areas, 


god” is struck, once on each arm and each 


four times before the hunt turns into a secular and comparatively 
individualistic activity. 

The hunt over, the Chakwena retires to one of the kewitsine or 
sacred club-houses,* where for four days she lies in on a warmed-up 
sand-bed as would a woman in her confinement, and where she is taken 
care of by the woman who expects by this rite of imitative magic to 
conceive the offspring she desires. At the close of the fourth day the 
would-be mother receives from the Chakwena the two ears of corn she 
has carried in the hunt and gives in turn to the Chakwena two other 
ears—four ears of corn figuring in that give and take. 

There are other ways to promote conception, but in this connection 
I need refer only to the conception of twins or rather to the means 
taken to inhibit it. The woman who eats of the wafer bread her 
husband brings back with him from his deer hunt will bear twins 
since the deer have twins—unless the bread is passed around the rung 
of her house ladder four times.* 

In a real confinement the period set for it is, as in the case of the 
mock confinement of the Chakwena, four days,® or it may be eight days 
or ten or twelve—whatever the familial practise—and (this is a fact o 
great interest, I think) any departure from the set practise means that 
the mother will “dry up,” get thin and die. 

Were a hemorrhage to set in through the cord of the infant, it is 

8 There are siz of them, one devoted to each of the siz directions, north, 
south, east, west, the zenith and the nadir. That inspiring student of Zufi, 
Frank H. Cushing, added to these directions a seventh, the middle, and seven, 
he stated, was a sacred number to the Zufii. (Fewkes, p. 39, n. 2. See too 
Cushing, ‘‘Zufii Creation Myths,’’ p. 373. 

4 Four figures in other connections in deer hunting. The night before the 
hunt eight prayer plume bundles are prepared, four for the koko, four for 
the deer. 

5 The Hopi confinement lasts four days. On the twentieth day, the day of 
the purifying and naming ceremonial, the ‘‘godmother’’ marks the house walls 
and floor with four parallel lines of meal. Four times she touches the head 
of the mother with an ear of corn dipped each time into yucca suds. The bowl 
in which the head is washed is thrown off the mesa after it has been waved 
over the spot of the lustration four times. In the corresponding Tewan cere- 
mony after the mother presents the infant to the sun she turns around on the 
spot four times. (Owens, J. G., ‘‘Natal Ceremonies of the Hopi Indians,’’ 


pp. 168-9, 170, 174. J. Amer. Ethnol. and Archeology, IT. (189% Four days 
was the confinement period of the Nahuas of Mexico, the numeral being prom 
inent in much of their ceremonialism. (Brinton, D. G., ‘‘The Mytl f the New 


World,’’ p. 90. New York, 1896.) 
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supposed that some one has been in the room who has been bitten by 
a dog or a snake. He would have to be found and then to save { 
life of the child he would have to wave some ashes over the heads of 
both child and mother—waving them four times. 

Birthdays are not observed in Zuii, but a kind of grouping by age 

there seems to be, for every four years an initiation into the kotikili 
held and boys become eligible for this initiation some time after th 
first four-years age period, apparently towards the close of their se: 
1. e., they are not initiated before they are four and they may by 
initiated before they are eight. In the initiation ceremonial four is 
very prominent. The ceremonial lasts fowr days, days in which the 
initiate fasts from meat. As he passes between the lines of the twelve 
salimobi'ya, he is whipped® by each masked figure four times. 

But even before the initiation the development of Zuii children, 
and, in this case, of girls,’ as well as boys, is attended to, ceremonially 
During the watempla dances, purificatory dances of late winter ar 
early spring, the masks known as the adoshlé and the suwuké pay domi- 
ciliary visits upon refractory children. Into the disciplinary effect 
of these terrifying personages we need not go, noting only that four 
times they have to advance upon a house before its adult inmates stop 
beating upon their pans and drums to pretend to scare them away. 

Into Zuni marriage practises 1. e., into a first marriage I have found 
no numeral obtrusion, but here my observations are by no means final. 
In the marriage of the widowed the favorite number does occur. Early 
in the morning after the couple has first slept together the second 
spouse gives to the remarried one something of value. This object 
with something belonging to himself or herself the remarried throws 
in the roadway. Whoever would pick these things up and appropriate 
them must first kick them four times with the left foot and then wave 
over the things a bit of cedar bark held in the left hand, waving it four 
times. Meanwhile the wedded pair must cut and plant their prayer 
plumes and stay continent,® four days for the deceased, and again 
cutting and pl:nting the plumes, four days for themselves. 

Immediately after the death of a spouse, the widowed has also 
planted plumes, again four days for the deceased and four days for 
himself or herself. Four days it takes the deceased to reach kothlu- 

¢ Whipping four times figures in the restoration of one who has had a bad 


dream. 

7Girls are seldom initiated into the kotikili. There are in it now , 
women and there were in it in 1902, Mrs. Stevenson reports, four, but the « 
currence of that ubiquitous number is, in this case, I have been told, a mere 
fortuity. 

8 Four days before every plume planting and four days afterwards conti! 
ence is required. The initiated, é. e., all the men and some of the women, plant 
plumes every moon and on many other ceremonial occasions. 
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wala,® where live below the Sacred Lake the dead.’ And during thes 
four days the house door is left ajar, the mourners may not buy or 
sell. and the bowl the hair of the dead has been washed in and the 


implements used in digging the grave all are left out on the house top 
In the cult of the dead four also figures. Formerly warriors a1 

still to-day foot racers visit the bank of the river the night before th« 

enterprise to plant plumes in honor of the dead and to bury wafer 


. : 
DacK your steps, 


bread. Prayer and offering made, they move 
and listen. Four times they thus step backwards and sit and liste1 
Mourning usage is ever a very conservative usage, perhaps tl 
most unchanging of all social practises, and so I infer from the 
prevalence of four in it as well as from its prevalence in all the Zu 
sacerdotal rites and traditions, beds of conservatism too, that the pos 
session of the Zui mind by their favorite numeral is very, very an- 
cient.17 Is it obsolete? I may be asked. A truly satisfactory answer 


would require prolonged observation. I have noted a few facts how- 


ever, which suggest at least that the rule of the favorite nun 
yet merely historic. 
In certain accounts given a well-known ethnographer of Zuii, ac- 


| 


counts reliable Zuni tell me are erroneous, the numeral four figures 
quite as prominently as in the unquestioned traditions or practises, 
i. e., in freshly “made up” stories four still figures.’* I too collected 
a tradition that shows on its face a comparatively recent origin, a tradi- 
tion of tribal origins. First to come up into the world, I was told, 
were the Pimas, the Navaho, the Moki and the peoples of other pueblos, 
then came the Mexicans, then the “ Americans,” fourthly the Ashiwi 
or Zuni..* Again in the Zui sheep brand, a comparatively late tn- 

®The death trip takes this time among many American tribes Brinton, 
p-. 90.) 

10 Zufii who have represented the koko live after death in a hill-side, in a 
four-roomed dwelling. To the Sacred Lake southwest of Zufii a quadrennial 
ceremonial journey is made. 


111f they hear sounds of the river roaring or of an ow! hooting or of lips 


smacking or of horse hoofs, it is well. To hear nothing is not 

12 Its prominence among the other pueblos would indicate too that it had 
asserted itself in the matrix pueblo culture, if not, given its prominence like e 
in many American tribes, in a still more ancient culture 

18 An infant’s skin is rubbed with ashes to depilitate it but no trace of 
evidence of belief that exfoliation occurs within four days iid I find. Cy 
Stevenson, ‘‘The Zufii Indians,’’ p. 300 n. | The statement that the forbidden 
sight of the Sacred Lake will cause visions and death I verified, but the further 
statement that the death would result in four days (see Ib., p. 35¢ this state- 
ment was denied. Nor is it believed that the dead live in a house in kothluwala 


containing four windows. It were tiresome to continue tl 

14This fourth emergence from the Sacred Lake, let me note incident: 
greatly pleased the Sun, because now at least on earth were some to talk his 
language. 
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vention, I’m justified in seeing, I think, the use or influence of four. 
Again, twice during the lifetime of my elderly informant has a Priest 
of the Bow attempted to establish an innovation’ in pottery making, 
relegating and limiting its making to the ceremonial four days of the 
summer solstice,** the firing of all the ware to take place on the fourth 
day. 

But one striking modern breakdown in the rule of four I did find. 
The governor of Zuni, the lieutenant governor and the members of 
their staffs, their tententes as they are called, no longer make up a 
board of eight. The three tenientes under the governor have been 
increased first to four then to five, the three under the lieutenant-goy- 
ernor, to four, increases the practical needs of government have in 
recent years required.** But the procedure of the board continues, let 
me add, unchanged. Adjudications are not made by the govern 
until each teniente has in turn made his suggestions and each makes 
them four times. 

In conclusion let me give the answers I got when I asked, “ Why 
four?” The first was given me by a Rain priest. “ Because,” he 
said, “when the people came up into the world at kothluwaia they 
stayed there four time periods and as they moved about later they 
always stayed four time periods in each place.” The explanation 
called to mind that offered by another people of early culture for their 
own sacred number, the number seven. The second answer to my 
query was given me by a medicine-man of the Ne’wekwe Fraternity. 
“Why four? Because,” he said, “the Americans do not always speak 
the truth. They will give any number. But the Zuii speak the 
truth and so they give the true number, the number four.” Would 
it not be difficult to get a better illustration of how number may indicate 
subjective states of mind rather than objective circumstances ? 

15 Compare Stevenson, ‘‘The Zufii Indians,’’ p. 150. One of these periods 
must have occurred while Mrs. Stevenson lived in Zufii. The custom my in 
formant declared an innovation, an innovation lasting only while its sponsor, 
the Bow Priest, lived, may have been of course the revival by him of an ancient 
custom. 

16 During these days none buys or sells or indulges in sexual intercourse 
During the first four days of the winter solstice ceremonial members of fra- 
ternities and the ashiwani or rain priests and their households may not buy or 
sell or eat salt or meat or grease. For ten days none may carry out refuse of 
any kind from a house. 

17 Of interest in this connection is the moot question whether or not these 
officials are Spanish made. They were—at the close of the seventeenth century— 


according to Cushing. (‘‘Zufii Creation Myths,’’ p. 332.) 
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rHE ORIGIN AND EVOLUTION OF LIFE ON THE EARTH 
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Smith Woodward® has traced similar radiations of body fon 


historic evolution of each of the ereat froups of fishes. 
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The importance of this law of form radiation is great! 
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Fig. 9b. Tue FIVE PRINCIPAL Types or Bopy FoRM IN FISHES, beginning 
(A) the swift-moving, compressed, fusiform types which pass, on the one hand 


deep-bodied types, and, on the rthet 


(B) the compressed, slow-moving, 
laterally depressed, round, bottom-dwelling, slow-moving types, also into (D) 
swift-moving, fusiform types which grade into (F) the eel-like and swift-1 


bottom-living types without lateral fins These five types of body form in fis 
dependently arise over and over again in the various groups of this Order P 
Mammalia Pr 


parallel forms also appear among the Amphibia, Reptilia, and 


for the author by Wm. K. Gregory and Erwin 8. Christman 


when we find it repeated successively among the aquatic Amph 
Reptilia and Mammalia as one of the invariable effects of the e 
nation of the mechanism of motion with that of offense and di 

6 Smith Woodward, A., ‘‘The Use of Fossil Fishes in Stratigraphical 


ogy,’’ Proc. Geol. Soc. of London, Vol. LXXI., Pt. 1, 1915, pp. Lxii-lxxy 

















In each of these four or five grea 
moving to the bottom- or ground 
isually an increase of bodily 

size, also an increase of gs] 
clalization, the maximum 
both being reached just befor 
the period of extinction arrives. 


The Ordovician Ostraco- 





derms are very little known. 
The Upper Silurian Ostraco- 
derms enjoved a wide distri! 

tion in Europe and America. 
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ancestors of the heavily armored fishes known as the Arthrodira. 


group of uncertain relationships. 
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noda). The manner of this transformation has been one of the great 
ont problems in the solution of the origin of animal form since tl 
earliest researches of Carl Gegenbaur of Heidelberg, who sought tf 
derive the lateral fins from modification of the cartilaginous r su} 


porting the gills, through a profound change of function While pa 


leontology has disproved Gegen aur’s hypothesis that the limbs of the 
higher vertebrates, including those of man. are derived from 1 
arches of fishes, it has helped to demonstrate the truth of Reichert’s 
hypothesis that the bony chain of the middle ear of man |! een 
derived through change of function from a portion of a mo 
arch (mandibular cartilage) of the fish. 

The cycle of shark evolution in course of geologic time embrace; a 


majority of the swift-moving, predaceous types, which branch into the 
sinuous, elongate body of the frilled 
shark (Chlamydoselache) and into 
forms with broadly depressed bodies 


such as the bottom-living skates 





and rays. Under the law of adap 
tive radiation the sharks seek every 


possible habitat zone in the search 


for food. The nearest approach to 
the eel-shaped type among the 


sharks are certain forms discovered 





in Carboniferous time. By Upper 


Devonian time the fishes in general 
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lappet-fin stage of evolution above Horter from specimens it American 
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rr ovs R Wi W | 
evolved a bony armature. The amen th 
scaled armature of the first true 
Ganoid fishes (Osteolepis, Cheirolepis) makes Its Tirst appearance nese 


armored knights of the sea are related to simpler forms which gave rise 
to the rich stock of sturgeons, garpikes, bow-fins, and true bor . 
( Teleosts ) which now dominate all other fis! groups both in the fresh 
waters and the seas. Close to this stock are the first lung fishes 
(Dipnoi), represented by Dipterus; also the “lobe-” or “fringe-finned ” 
Ganoids from which the first land vertebrates wer derived From a 


single locality, in the Old Red Sandstone of Scotland, Traquair ha 
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recovered a whole series of these archaic fish types as they lived togeth 
in the fresh water or the brackish pools of Upper Devonian time. (1 
14.) 


In this period the paleogeographers (Schuchert) obtain their 


evidence of the evolution of the terrestrial environment in the indi 
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Fic. 14 Fisu TYPES OF THE OLD RED SANDSTONE OF SCOTLAND Upri Ih 
IAN TIMI PRIMITIVE GANOIDS (Osteolepis, Cheirolepis), primitive spine-finned s 
Acanthodians ( Diplacanthus), bottom-living Ostracoderms (Pterichthys), first lung fis Q 
(Dipterus), partly armored Ganoids (Holoptychius) 1, Osteolepis, primitive lobe-finned 
Ganoid ee Holopty hius, fringe-finned Ganoid 3. 6. Cheiracanthus spine finned shark 
(Acanthodian) 4, Diplacanthus, spine-finned shark (Acanthodian ) 5. Coccoste 
primitive Arthrodiran 7, Cheirolepis, primitive Ganoid 8, 9, Dipterus, prir 
lung fish 10, Pterichthys, bottom-living Ostracoderm allied to Bothriolepis Models 
in the American Museum of Natural History, restorations by Dean, Hussakof and , 
Horter, partly after Traquair 
tions of the existence of parallel mountain ranges on the British Isles, 
of active volcanoes in the Gaspé region of New Brunswick, mn the i 
mountain formations of South Africa, and in the depressions of th: 
center of the Eurasiatic continent into the great central Mediterranean 
sea, the Tethys of Suess. In the seas of this time as compared wit! 
Cambrian seas we observe that the trilobites are in a degenerate phase, 
the brachiopods are relatively less numerous, the echinoderms are rep- 





4 


resented by the bottom-living starfishes, the sharks are abundant, the A 


t 


throdiran fishes are still abundant in Germany. 

It was long believed that the Amphibia evolved from the Dipnoi, 
the air-breathing fishes of the inland fresh waters, and this hypothesis 
was stoutly maintained by Carl Gegenbaur, who upheld what he termed 
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the Archipterygian theory of the origin of the , seeking the pr 


‘ 


tyne of the modern limbed forms in the fin of the modern Australia 


lung fish. Ceratodus. This hypothesis of Gegenbaur, warm 
ported DV a talented group of his students, is memorable as the ist of 
the great hvpotheses regarding vertebrate « tion founded « 
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Fig. 15 rue EXTREMES OF ADAI \ 

EXISTING Bony Fisnes (TELEOSTS) Of THE A ‘ : oO \ 

though many different orders of Teleosts are rey el i ne } 

phorescent organs, affording a fine example gel I 
j great diversity 
: l rhread-eel, Nemichthys scolopaceus R Rarathronus j 
} Brauer. 3, Neoscopelus macrolepidotus Johnsot ’ ( trostomus 1 G nd 
: Ryder. 6, Gigantactis ranhoeffeni Brauer. 7, Stern t diaphana Low 8, Gigan 
; tura chuni Brauer 9, Melanostomias melanops Pr : 10, Stulopht? s para 
; dorus Brauer 11, Opisthoproctus solcatus \ I 
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upon comparative anatomy and embryology as opposed to thi 


‘ vidence afforded ny these sciences when reenforced by paleor tok 


} 


It is through th 


liscovery of primitive types of the f1 


ganoids, to which Huxley gave the appropriate name Crossopte1 


that the true ancestry of the Amphibia and of the amphibian lin 








Fic. 16 PHOSPHORESCENT ILLUMINATING ORGANS OF THE ARBYSSAL I 


RESENTED IN FG. 15, as they are supposed to appear in the darkness \ 


in the American Museum of Natural History 


heen traced, as due to a partial chang of function wher t 
pelling fin was gradually transformed into the propelling limb. T 
implies a long terrestrio-aquatic phase in which the fin was partly use 
for propulsion on muddy surfaces (Fig. 17). In the parallel re 
sive evolution of the lung fishes ( Leyrdosire n, Gumnotus) the tring 
finned fishes (Calamoichthys) and the bony fishes (Anguilla) the 


eel-shaped, finless stage 1s either approac hed or a tually passed 


The bony fishes (Teleosts), which first emerge as a distinct g! 
in Jurassic time, radiate adaptively into all the great body types 
tained by the older groups, more or less closely imitating eat h in tur 
so that it is not easy to distinguish superficially between the armors 
catfishes (Loricaria) of the existing South American waters and the 
prototypes (Cephalaspis) of the early Paleozoic. The most extrem 
specialization in this great group is to be found in the radiations of 
abyssal fishes into slow- and swift-moving forms inhabiting the gr 


depths of the ocean, adapted to tons of water pressure, to temperatures 
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just above the freezing point, 
compensated for v\ the evolution of a 


light producing organs.’ Another extreme of 


rHEORETIC Mop 
* OF AN AMPHIBI 


rearrangement of the cart gin 

the fishes is the production of ‘ tricity i a protective funct 
s even more effective than bony armature because not 

rapid motion. In only a few of th 

sufficient amounts to thoroughly 


through modified body tissues 


Fic. 18 (Lerr.) Direct O 
IN OF A Fisn (A, B) (Rhipidistia 
of the Amphibian of the Carbonifer 

(Ricut.) Seconpary REVERSED 


REPTILE (A) into the fin or paddles 


(electroplaxes ) separated equall 


peculiar jelly-like connective tissue, all lying parall 


and at right angles to the direction of di Th 


is formed from modified muscle and conne 
by motor nerves. The physical principl ivolved is that 


centration cell, and the electrolyte used in the process 
dium chloride. The theory is that at the mement of disch: 
brane is formed on one surface of the ele troplax which 
negative ions from passing through while the positiv 
* The author is especially indebted to Professor Ulric Dahlgren, of Princeton 


University, for notes upon phosphorescent and electric organs 
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through and form the current. The strength of the current varies 
from four volts in Mormyrus up to as much as 250 or more in Gyn 
notus, the electric eel, and consists of a series of shocks discharge 
3/1000 of a second apart. 


EVOLUTION OF THE AMPHIBIA 


A single impression of a three-toed footprint (Thinopus an 
in the Upper Devonian shales of Pennsylvania constitutes at 


the sole paleontologic proof of the period of transition from 


FIG 19 FOOTPRINT OF 
Thinopus antiquus MARSH YPH OF SALAMAN 
rHE EARLIEST KNOWN LIMBED DER-LIKE PRIMITIVI 
ANIMAL, an Amphibian from AMPHIBIAN OP UI 
the Upper Devonian of Penn PI DEVONIAN TIME 
sylvania Type in the Pea- (Pentadactuloidea 
body Museum of Yale Univer Tetrapoda) wit 
sity. Photograph of cast pre- large, solidly roofed 
sented te the American Mu skull four limbs 
seum by the Peabody Museum. and five fingers on 

ch of the fore 
hind feet After 


type to the amphibian type. This took place in Lower Devonian if not 
in Upper Silurian time. The adaptive radiation of these primordia 


Amphibia probably began in Middle Devonian time and extende 


through the great swamp, coal-forming period of the Carboniferous, 
which afforded over vast areas of the earth’s surface ideal conditions for 
amphibian evolution, the stages of which are best preserved in the Coa! 
Measures of Scotland, Saxony, Bohemia, Ohio and Pennsylvania, and 
have been revealed through the studies of von Meyer, Owen, Fritsch, 
Cope, Credner and Moodie. The earliest of these terrestrio-aquati: 
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types have not only a dual breathing system o 
dual motor equipment of limbs and a pro} 
r¢ rIOT 


So far as known primordial Amphibia 1 
the small headed, long-bodied, small lim ed, 
modern salamander and newt. The 
(An phiamus, Pteropl ax) were pr 


and early Permian time the terrest1 


RATIO 6, 9,000,000 YEARS 


YEARS 
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Fic. 21 DESCENT OF THE AM 
LIMB (Thinopus), from an ancestra 
fringe-finned Ganoids From this 
salamander-like Amphibians whicl 
branches of limbless and snake-lik« 
great branch of the solid-skulled Amphibia 
the northern continents in Permian and 
this stock descended the modern frogs 
by Wm. K. Gregory 


conditions, aquatic, palustral, 

trial, the Amphibia radiated into seve 

phases, thus recapitulating all the chief 

previously evolved among the fishes and an ating mal 
of body form which were to evolve among Reptilia. 


feature is a layer of superficial body scales derived from 
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fringe-finned fish ancestors; with the loss of these scales most of th« 
Amphibia also lost the power of forming a bony dermal armature. 
Recent researches in this country, chiefly by Williston and Case, 
indicate that the solid-headed Amphibia (Stegocephala) and primar 
forms of the Reptilia chiefly belong to late Carboniferous (Pennsy]l- 
vania) and early Permian time. They are found abundantly in poo 
deposits widespread over the southwestern United States and Europe 
associated in rocks of a reddish color, which point to aridity of climate 
in the northern hemisphere during the period in which the terrestrial 
adaptive radiation of the Amphibia occurred. These arid conditions 
continued during the greater part of Permian time, especially in th 
northern hemisphere. In the southern hemisphere there is evidence even 
of a period of extensive glaciation, which was accompanied by the dis- 
appearance of the old lycopod flora (club mosses) and arrival of the 
cool fern flora (Glossopteris) which appeared simultaneously in South 
America, South Africa, Australia, Tasmania and southern India. The 
widespread distribution of this flora in the southern hemisphere fur- 
nishes one of the arguments for the existence of the great South Pacifi 
continent Gondwana, a hypothesis of Suess which is supported 
Schuchert. In North America Permian glaciation was only local. 
The last of the great Paleozoic seas disappeared from the surface of 
the continents, while the border seas give evidence of the rise of the 
ammonite cephalopods. Toward the close of Permian time the conti- 
nent was completely drained. Along the eastern seaboard the Appa- 
lachian revolution occurred, and the mountains rose to heights esti- 


mated at from three to five miles. 


Fic. 22. SKELETON OF Eryops FROM THE PERMO-CARBONIFEROUS OF TEXAS 
of the stegocephalian Amphibians which were structurally ancestral to the Labyrinth 
odonts of the Triassic. Mounted in the American Museum of Natural History 


Evidences of extensive continental connections in the northern 
hemisphere are found in the community of type between the great ter- 


restrial amphibians of such widely separated areas as Texas and Wirt 
temberg which develop into similar resemblances between the great 
Labyrinthodont amphibians of Lower Triassic times of Europe, North 
America and Africa. Ancestral to these Triassic giants is the large, 
sluggish, water- and shore-living Eruvops of the Texas Permian, with 
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massive head, depending on its short, powerful 


ing feet for land propulsion and in a less 


7 


ae. 
Aa J 


~A S 
= ~~ . ; 


= 


- 


e-b++4~-- 
=? -.-$ -e- 
fet 
ey 


ey 
22 
———— - ~- 


ft, a 
.~ 
ty 
—— — « 
C3> 


— 


if 


' 


rt 
A 


a 


Fic. 23 AMPHIBIA OF THE AMBRICAN 
Cricotus, short-bodied Caccops, and continuatio 
trial type, the large, solid-headed Lryops 
nd Decker 


pulsion in the water. This form may 
Labvrinthodonts: it belongs to a 


North America and persisted 


qe Me 


ee 


AMPHIBAMUS 
CARBONIFEROUS AMPHIBIA 


AMPHIBIA 
Fic. 24. CHIEF AMPHIBIAN TYPES 01 THE CARBONIFEROUS, the early short-tailed 
land-living Amphibamus, the salamander-like Fumi rerpeton, the eel-bodied Ptyoniua, 
the broad-headed, bottom-living Diplocaulus. Restorations for the author by Gregory 
and Deckert. 
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An opposite extreme of slender body structure is found in the active 
predaceous types of water-loving amphibians such as Cricotus, of rap 
movements, propelled by a long tail fin and with sharp teeth adapt 
to seizing an actively moving prey. This type retrogresses into 
eel-like, bottom-loving Lysorophus with its slender skull, elongate bo 
propelled by lateral swimming undulations, the limbs relatively useless 
Corresponding to the bottom-living fishes are the large, sluggish, broa 


headed, bottom-living amphibians, such as Diplocaulus, with hea 


heavily armored, limbs small and weak, the body propelled by 


Fic. 25. SKULL AND VERTEBRAL COLUMN OF Diplocaulus, a typical 
headed Amphibian from the Permian of northern Texas. Specimen in 
Museum of Natural History 


motions of the tail. There were also more powerful, slow-movin 
headed, alligator-like, terrestrio-aquatic forms, such as the Ar 
saurus of Europe and the fully aquatic Trimerorachis of America. 
extreme stage of terrestrial, ground-living evolution with marked re 
tion of the use of the tail for propulsion is the large-h«aded Cace 
short-bodied, with limbs of medium size, but with feeb!e powers of 
hension in the feet. Radiating around these animals were a number 
terrestrial types exhibiting the evolution of dorsal protective armatur 
and spines (Aspidosaurus) ; other types lead into the pointed heade 
structure and pointed teeth of Trematops. 


Editorial Note: The remaining parts of this Lecture will appear in 
December or January in book form under the title “ Origin and Evolu- 
tion of Life,” from the press of Charles Scribner’s Sons. 
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THE UNITED STATES COAST AND 
GEODETIC SURVEY AND ITS 
EARLY SUPERINTEND 
ENTS 
THE centenary of the organization of 


the United States Coast and Geodetix 


Survey was fittingly celebrated in 


Washington last spring and the pro 
ceedings have now been issued in 
volume which forms an_interestir 


memorial of the celebration and of t 
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E. Lester Jones, presided at the public 
sessions, and the opening address was 
made by Mr. William C. Redfield, see 
retary of commerce, the department of 
which the survey is now a bureau. At 
the banquet the president of the 
United States made one of the ad- 
dresses. Others were by the secretary 
of the navy, the secretary of com 
meree, the minister from Switzerland, 
and the former superintendent of the 
survey, Dr. T. C. Mendenhall. 

The address of Dr. Mendenhall and 
some of the other addresses give inter 
esting reminiscences of the early work 
of the survey and its first three super- 
intendents, portraits of whom are here 
reproduced by the courtesy of the 
superintendent of the survey. Ferdi 
nand Hassler, born in Switzerland, 
trained in the best schools of Europe 
and practised in geodetic work, came to 
the United States in 1805, bringing 
vith him a fine library of over 3,000 
volumes and a eollection of technical 
instruments such as had never before 
crossed the ocean. He was later ap 
pointed acting professor of mathemat- 
ics at West Point and, through his 
friend and countryman, Albert Gallatin, 
was introduced to Jefferson, who had 
recommended to the Congress a survey 
of the coasts. Hassler demanded and 
received a salary equal to that of the 
head of the department to which the 
new bureau was assigned. It is said 
that the president objected, saying 
‘¢vour salary would be as large as that 
of my secretary of the treasury, your 
superior officer,’’ and that he replied: 
‘*Any president can make a secretary 
of the treasury but only God Almighty 
can make a Hassler.’’ 

Hassler was sent abroad in 1811 to 
purchase the necessary instruments and 
standards of measuremént but was de- 
tained in England as an alien enemy. 
When he returned, in 1816, the Coast 
and Geodetic Survey was organized, 
and geodetic, topographic and hydro- 
graphic work was begun. Owing to 
lack of appropriations by Congress, 
work was abandoned for twelve years, 
when Hassler was placed in charge of 








work on weights and measures, and 
1832 again assumed the duties of super 
intendent of the survey, which h¢ 
ducted with admirable skill unt } 
death in 1843. 

Hassler was succeeded as head of 
survey by Alexander Dallas Bach 
great grandson of Benjamin Frank 
whose scientific aptitudes and 
matie skill he inherited. Graduat 
from the West Point Military Acade1 
he had attained distinction as a s 


tific man of originality and power, a 


was recommended as Hassler’s success 
by the scientific societies and instit 
tions of learning. His services were 


continued for twenty-five years unti 
death in 1867; they carried forwa 
and enlarged in important directions th 
work begun by Hassler. 

Benjamin Peirce, the distinguish 
mathematician, who had conducted the 
longitude operations of the survey dur 
ing the latter years of Bache’s admin 
istration, succeeded him as superinté 
ent, a position which he held until the 
age of sixty-five years, while retaining 
his professorship at Harvard Univer 
sity. The picture of Peirce shows hin 
at the blackboard. He is said once at 
a meeting of the National Academy of 
Sciences to have spent an hour filling 
the blackboard with equations, and 
then to have remarked ‘‘ There is only 
one member of the Academy who can 
understand my work and he is in Sout! 
America.’’ Under Peirce a chain of 
triangles extending across the continent 
was planned covering the whole coun 
try by a trigonometrical survey and 
joining the systems of the Atlantic and 
Pacifie coasts. 

We may hope that the next three 
superintendents of the Coast and Geo 
detic Survey will be men so distin 
guished in science as Hassler, Bache 
and Peirce. If this is not the case we 
should surely enquire into the reason. 
Is it because the men do not exist, or 
are we less competent to manage the 
scientific bureaus now than was the case 
in the earlier part of the nineteenth 
century? We can not believe that the 
human germ plasm has changed in the 
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eourse of two or three generations, and 
++ 


if we do not have the men, it is be 


eause we do not select and train then 


It is equally our fault if such men are 


not placed in charge of the scientifi 


work of the government. 


NEW YORK MEETING Ol! 
THE AMERICAN ASSOCIA 
TION FOR THE AD 
VANCEMENT OF 
SCIENCE 


THE 


Tue first of the greater convocation 
week meetings of the American Associa 
tion for the Advancement of Science 
and its affiliated societies will be held 
in New York City during the last week 
of the present month. It has been ar 
ranged that there will be held hereafter 
once in four years successively in New 
York, Chicago and Washington, meet 
ings at which it is planned to bring to 
gether all the national scientific so 
cieties and, so far as possible, all the 
There 


in New York, counting the 


scientific men of the country. 
will meet 
sections of the association, more than 
fifty separate organizations devoted to 
the advancement of science, and there 
been in the 


has not history of the 


world a meeting of this magnitude. 
When the association last met in New 
York there 


about five thousand members, the at 


City ten years ago were 
tendance was over two thousand, and 
there were nearly a thousand papers on 
the program. The present membership 
of the association numbers about eleven 
thousand, and the number and size of 
the affiliated societies has increased in 
proportion. 

The opening session, presided over 
by Dr. Charles R. Van Hise, of the 
University of Wisconsin, will be held 

Natural 
December 


at the American Museum of 
History on the evening of 

26, at which time the address of the 
retiring president, Dr. W. W. Campbell, 
director of the Lick Observatory, on 
‘*The Nebulw’’ will be delivered. The 
registration headquarters will be at Co 
lumbia University, and most of the 
meetings of the sections and of the sci- 
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interested 
de- 
sirable that, following the precedent of 
the British the Ad- 
vancement of may be a 
large attendance of those who are not 
The 


membership 


but also to all those who are 


in any aspect of science, and it is 


Association for 
Selence, there 
professional scientific men. asso 


ciation admits to those 
who are in sympathy with its aims and 
who wish to assist in promoting them, 
even though they are not engaged in 
scientific work. Information concern- 
ing membership may be obtained from 
the the Smith- 


sonian Institution, Washington, D. C. 


Permanent Secretary, 


SCIENTIFIC ITEMS 


WE record with regret the death of 
Dr. Cleveland Abbe, the distinguished 


meteorologist, and of Dr. Percival 
Lowell, of Boston, director of the Low- 
ell Observatory at Flagstaff, Arizona, 
widely known for his work and theories 
on the planet Mars. 

A MEETING to plan a memorial to the 


late Sir William Ramsay was held at 
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London, on Oct 





University College, 
31. After the meeting, the director 
the University College Chemical Lal 






















tories, Professor J. Norman Co 


F.R.S., delivered a memorial lecture « 


‘*The Scientific Work of Sir Wil 
Ramsay.’’ 
Dr. WILHELM VON WALDEYER, 


fessor of anatomy in the University of 


Berlin, has been raised to hereditary 


nobility on the occasion of his eightiet 


birthday.—-The American Academy of 
Arts and Sciences on November 15 pre 
sented the Rumford medals to Mr 


Charles Greeley Abbot, of the Smith 
sonian Institution, for his researches « 
The of doctor 


of laws was conferred upon Thomas A 


solar radiation. degree 
Edison over the telephone by Dr. Jol 
H. Finley, president of the University 
of the State of New York, at the clos 





ing session of the institution’s fifty 
second convocation on October 20. Mr 


Edison was in his laboratory at Orang: 


N. J., while Dr. Finley was in the 


ditorium of the New York Educatio: 
Building at Albany. 
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jepartments of pure and applied science, including the applications of science to education and society. 
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SCIENCE 
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the official organ of the American Association for the Advancement of Science. For twenty years ScieNcB 
has been generally regarded as the professional journal of American men of science. 
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SCHOOL AND SOCIETY 


A weekly journal, which began publication on January 2, 1915, covering the field of education in 
relation to the problems of American democracy. Its objects are the advancement of education as a 
science and the adjustment of our lower and higher schools to the needs of modern life. Each number 
ordinarily contains articles and addresses of some length, shorter contributions, discussion and corre- 
spondence, reviews and abstracts, reports and quotations, proceedings of societies and a department of 
educational notes and news. Annual Subscription $3.00; single copies 10 cents 


THE AMERICAN NATURALIST 


A monthly journal, established in 1867, devoted to the biological sciences with special reference to the 


factors of organic evolution. Annual subscription $4.00; single copies 40 cents 
AMERICAN MEN OF SCIENCE 
A biographical directory, containing the records of about 5,500 scientific men. Price, $5.00 net 
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A series of volumes for the promotion of scientific research and educational progress. 


Volume I. The Foundations of Science 
By H. Poincar’. Containing the authorized English translation by George Bruce Halsted of “Science 
and Hypothesis,” “The Value of Science,’”’ and “‘Science and Method.” Price, $3.00 net 
Volume II. Medical Research and Education 
By Ricnarp Mrius Pearce, Witu1amM H. We ca, C. 8S. Minor and other authors. Price, $3.00 net 
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Revisions of Important Text-Books 


Thompson’s Elementary Lessons in Electricity 


and Magnetism 
By SILVANUS P. THOMPSON. Revised by the author 


Cloth, crown octavo, xv + 706 pp., 377 illustrations. $1.50. 


After a wide use for twenty-one years, this book now comes from the press 1n a complecely revised 
form, which incorporates the progress of the science during this period, and brings the treat ' 
abreast of the most recent developments in theory and practice. 

Not only have the various topics taken up in the older book been brought to date and expanded 
where necessary to meet the needs of teacher and student, but the newer phases of the subject have 
covered in the same clear direct manner which made the earlier volume popular as a text. 

Entirely new chapters are devoted to the Electron Theory, to Wireless Telegraphy, to the 
Transmission and Distribution of Power, and to Electric Traction. In fact, progress in the develo) 
ment of the industrial applications of electricity has been so great in the past decade as to neces- 
sitate the remodeling of the latter half of the book. Throughout the book modern progress i: 
struction and industrial application is described and illustrated by many drawings. 

The general appearance of the new edition is much more attractive and serviceable than that of 
the old edition. The type is much larger, the space between linesis greater, and the number of illus 
trations has been increased by over 25%. Not only hasthe size of the page been increased, but the 
number of pages has also been increased by about ten percent, Although thesechanges have involved a 
very heavy increase in manufacturing expense, the retail price is only ten cents more than that of t 
old edition. The price has been kept unusually low in order to make it possible for instructors to re- 
quire students in the first general college course on physics to purchase this book in addition to the 
textbook on general physics. 





**T think the book, as revised, will be very satisfactory, and, as far as I can judge from a 
careful inspection, it will meet the requirements of the present day as well as the earlier editions 
ten or fifteen years ago met the requirements of that day. To a certain extent perhaps a hook 
written at a later date cannot quite meet this requirement because of the growth of the subject 
treated, but I think the present volume does very well.’’—Professor C. R. Cross, Head of the 
Department of Physics in the Massachusetts Institute of Technology. 





Huxley’s Lessons in Elementary Physiology 


By THOMAS H. HUXLEY, Revised by Joseph Barcroft, 
King’s College, Cambridge. 
Cloth, 12mo, xxiv-+604 pp., 185 illustrations, $1.60 


A thorough and substantial revision of this historic masterpiece, in which new materia! and ad- 
ditional illustrations have been included and further text-book apparatus provided. The manner in 
which Professor Barcroft has made this revision is best described in his preface, from which we quote 

‘(In approaching the revision of ‘Huxley’s Physiology,’ my feelings have been similar to 
those of an architect to whom is entrusted the restoration of a historic building designed by 
master hand. 

Written by Huxley, the book was revised, and in fact almost rewritten, by Foster he 
former was as great a writer as any scientist of his time, the latter may almost be said to have 
created English Physiology. 

To ‘restore’ the work of these men from the dilapidations made by two decades of scientific 
progress is the task now entrusted tome. The sense of responsibility with which I appros 
is, if possible, heightened by the affection which I have for the memory of Foster, who was ™) 

r. 

I have faithfully left untouched any portion of the fabric in which there was not an sctns 

flaw ; but where the structure needed repair, it seemed to me due not only to the readers! the 

book but to the memory oi the author, that the repair should be thorough, substantial, and *1™p' 
Such have been the principles on which I have tried to carry out my work.”’ 
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School and Society 


Under the title ‘‘A School Journal at 
Last’’ the Newarker, published monthly by 


the Newark Free Public Library, says: 

At last we have a weekly journal devoted to the 
subject of education which the average intelligent 
citizen can read with pleasure and profit. It is 
not devoted to primary methods. It does not tell 
how to teach arithmetic. It is not too philosophical, 
or too theoretical, or too dismally practical. It is 
simply a sensible weekly journal which covers the 
whole field of education in an agreeable, rational 
and illuminating manner. 

It is called School and Society. It is edited by 
J. McKeen Cattell. It is published by the Science 
Press, Lancaster, Pa., and Garrison, N. Y. This 
same press publishes, and this same editor edits 
the weekly journal called Scrence. School and 
Seoiety, in its field, is as vood a journal ss 
Scrznceg, in its field, which is saying much. 

Principals, assistant principals, high-school 
teachers, and the teachers in the higher grades 
should read this journal every week, unless they 
ean find a better source of information and en- 
lightenment elsewhere. 

The library at present takes one copy of this 
magazine. If teachers and others make requests 
for it, the library will take a number of copies and 
lend them, so desirable does it seem that a journal 
of this kind be widely read in our city. 


A leading editorial article in the New 


York Evening Post begins: 


With the opening of the new year an interesting 
addition was made to the already large list of 
American journals devoted to educational ques 
tions. School and Society, which forms the third 

riodical of somewhat kindred nature edited by 

r. J. McKeen Cattell—the other two being 
Scrence and The Popular Science Monthly—aims 
to combine the functions of a professional! journal 
for those engaged in educational work and a 
medium of interestine information and discussion 
for ‘‘the wider public for whom education is of 
vital concern.’’ 

What strikes one, above all, in reading the early 
numbers of School and Society is the enormous 
range of the subjects which. within the past decade 
or two, have become live topics in educational dis 
cussion. Indeed, if it was the editor’s purpose to 
produce this impression without a word of editorial 
flourish—for he adds nothing to the extremely 
brief announcement of purpose in the advertised 
prospectus—he has adopted an extraordinarily ef 
fective method of doing so in using as the initial 
article of the journal President Eliot’s address at 
the inauguration of Dr. Finley as Commissioner of 
Edueation of the State of New York. 





Published Weekly at Three Dollars a Year by 
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Heredity and Environment 


in the 


Development of Men 
By EDWIN GRANT CONKLIN 


Professor of Biology in Princeton University 


“ The lay reader cannot fail to be interested in the 
wonderful array of post-Darwinan achievements in 
biology which are here marshalled in such a clear way; 
and the biologist familiar with the detailed discoveries 
to which mere reference is made by way of evidence or 
illustration, will profit much by the survey of a whole 
field in well-balanced perspective. The general reader, 
who gets from current literature quite contradictory 
and often distorted views as to the undertakings and 
the possibilities of the eugenics movement, will here 
find a correct and sane inventory of both.""—Science. 


“The book is marked by sound judgment, firmness 
and clearness of treatment, and a vigorous buoyancy. 
It is to be strongly recommended to those who wish to 
understand the facts of human development in their 
relation to the larger problems of human life. The 
volume is well got up, effectively illustrated, and pro- 
vided with a carefully selected bibliography and an 
unusually good glossary as well as a full index.” 

—Nature. 

“‘We have great pleasure in commending the study 
of these instructive and suggestive lectures to all who 
are interested in the problems of heredity and environ- 
ment as they affect the development of animals and 


man.’’— ise Lancet. 


“For those who desire real knowledge of the impor- 
tant subjects of heredity and environment, Professor 
Conklin’s book is emphatically the one to read. Is 
hardly another treatise can be found so clear, shapely 
and relatively simp! an outline of the essential scien- 
tifie facts or so sound and inclusive a view of what 
the facts humanly signify.""—North American Review. 


This book has been adopted for use as a required 
text book or for collateral reading in the University of 
California, Agricultural Utah, Central 
Wesleyan University, Centre College, Colorado Agri- 
cultural College, Dakota Wesleyan University, Elmira 
College, Goucher College, Harvard University, North- 
western University, Ohio Wesleyan University, Prince- 
ton University, Syracuse University, University of 
Colorado, University of Illinois, University of Pitts 
burgh, University of Texas. 


College of 


548 pages, 12mo, cloth, 96 illustrations, 
$2.00 net, by mail $2.10. 


Princeton University Press 
127 William Street 


Princeton, N. J. 














“* Humanized Science” 


is what a reviewer calls 


An Introduction to Science 


By BERTHA M. CLARK, Ph.D., Head of 
Science Department, William Penn High 
School, Philadelphia. 494 pages. Price, $1.50 
‘*Dr. Bertha Clark has attempted, 
successfully, to build up a body of 
scientific material for freshmen in 
high school, drawn from the problems 
of a scientific nature which confront 
the pupils in their home life and out- 
door life. The book is, therefore, not 
‘pure science’ but ‘humanized science’ ; 
and the author attempts to organize 
these problems and their solutions so 
as to leave the pupils with a scientific 
point of view of their problems and 
their solution. Hence we have an 
introduction toscience ofa kind likely 
to be of great value to the pupil.’’ 
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Manual of 


Household Chemis'ry 
By Roy Theodore Nichols . 60 ¢ 


A course in Chemistry for + 
and fourth-year girls in dor 
science courses and for girls 
courses who wish to study cher 
as applied to daily life. 





Part I, General Chemistry, i: 
(a) the chemistry of the non-n 
with special attention to air and \ 
lation, water and fuels; (b) asect 
theory ; (c) the chemistry of the met 
with emphasis placed on t! 
care of utensils and (d) a « 
and quantitative study of textiles 
methods of cleaning and dyeing 


Part II, Food Chemistry, 
tended to occupy somewhat les 
one-half of the year’s work. Th: 
tritive value and the adulterat 
foods, with certain experiments 1 
tive to their proper cooking, cor 
the main items under each sectio1 | 


Ginn and Company 


Bosten New York Chicago 
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The Ellen Richards Research Prize 


The Naples Table Association for Promoting 
Laboratory Research by Women announces the offer 
of a research prize of $1000.00 for the best thesis 
written by a woman embodying new observations 
and new conclusions based on independent labora- 
tory research in Biology (including Psychology), 
Chemistry or Physics. Theses offered in competi- 
tion must be in the hands of Chairman of the Com- 
mittee on the Prize before February 25,1917. Ap- 
plication blanks may be obtained from the secretary, 
Mrs. Ada Wing Mead, 283 Wayland Avenue, Provi- 
dence. RI, 


JULIEN’S POWER AND FOOT LATHES 
Use of Geologists, Mineralogists, Petrographers, Met- 
allurgists, Mining Engineers, in SLICING and POL- 
ISHING all hard substances, rocks, etc., and in prepa« 
tation of MICROSCOPIC THIN SECTIONS. 

GUSTAVUS D. JULIEN 
3 Webster Terrace NEW ROCHELLE,N. Y. 
LEARN TO BE A WATCHMAKER 
GRADLEY POLYTECHNIC INSTITUTE 
Department 








Georgetown University 


School of Medicine and 
Dental Department 


The Sixty-fourth Session will begin September 28th, 1914, and 
continue eight and one-half months. Six-Year Collegiate 
and Medica! Course leading todegries B.b.ene M.). Prac 
tical laboratory work under specia) instructors, in Anatomy 
Physiology, Chemistry, Histology, Pathology and Bacterio)- 
ogy. Ample facilities for clinical experience anc me ties 
work in hospitals of city and in the University Hospits 
containing in a)! over 3000 beds. For particulars address 
GEORGE M. KOBER, M.D. 
Dean School] of Medicine. 1819 Q Street 


SHIRLEY W. BOWLES, D D.S 
Dean Dental Department, 1616 Eye treet N.W 
ashingtor 


PATENTS 


25 Grant Place, Washington, D. ©. 
Patents, Trade-Marks and Copyrights 


Practice before the Patent Office, Library of Congress #n¢ 


Patent, Trade- Mark and Copyright Cours 
Over 20 years’ experience. 


Reference: Columbia National Bank .Washing'o* D.C 


Other references furnished If desired 
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METEORITES 


rheir Structure, Composition and Terrestrial Relations 
By Oliver Cummings t arrington, Ph. D., Curator of Geology, 
eld Museum of Natural History, Chicago. 

This work gives a complete and accurate account of the 
present knowledge of Meteorites and embodies the results of the 
latest researches on the subject. “ This volume will at ones 
intelligent amateur and be of value also to the 


interest the ] 
trained specialist.” American Journal of Science. 
Pp x-+ 65 illustrations. Price $2. Postage extra, 2 Ib. rate 





I e by COLONIAL PRESS, 1510 East 56th Street, 
Chicago, Illinois. 








| MODERN PROBLEMS OF BIOLOGY 


ures delivered at the Univesity of Jena By CeARLFs 
s —= 8.D., LL.D. Professor of Comparative Anatomy 
| Harvard University Medical School. Authur of “ A Labora- 
tory Text Book of Embryology.” 53 illustrations 8vo. 


Cloth, $1.25 postpaid 
P. BLAKISTON’S SON & CO. 
i Philadelphia 


SCIENTIFIC BOOKS 
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